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SECTION 1

INTRODUCTION

This report is a compilation of data on stress behavior as a function of

cycles obtained during high-temperature, low-cycle fatigue tests on three

advanced Ni-base superalloys--Rend 95, AF-Il5, and AF2-1DA. The data are

presented in both tabular and graphical formats. The materials studied are

those used for jet-engine turbine disks, and the fatigue tests were con-

ducted at the operatLig temperatures of the three materials--1200*F, 1400*F

and 1400 0 F~respectively. The purpose of this report is to make the basic

test data available to the technical community. No discussion is presented

on an analysis or understanding of the data, although some observations are
included. The data in this report are a subset of a larger data base. A

summary of this data base is given in Ref. 1. The cyclic stress behavior

reported here was determined for characteristic tests in this larger data

base. Since recording the stress behavior is a very time-consuming and

tedious process, not all of the fatigue tests could be analyzed.

The larger data base has been the subject of other studies. Analysis of

various life-prediction methods using the Rend 95 data is given in

Refs. 2 - 4. A discussion of the mechanisms of high-temperature, low-cycle

fatigue for AF-115 and AF2-lDA can be found in Ref. 5.
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SECTION 2

DESCRIPTION OF MATERIALS AND SPECIMEN IDENTIFICATION AND GEOMETRY

The materials tested were Rend 95, AF-115, and AF2-1DA. The Rend 95 was
in the form of two cast and wrought pancakes which underwent thermo-

mechanical processing. These witre cut from the same ignot and subjected to

the same processing. The specimens from the first pancake are identified

by a one- or two-digit number such as 9 or 35. Those from the second

pancake are identified by a three-digit number in the 200 series such as

220. No difference in fatigue lives or stress-strain behavior between the

two pancakes was found. Details of the processing history and microstructure

are given in Refs. 6 and 7.

The AF-115 is a powder alloy that has been hot isostatically pressed

(HIP). Two different forms of AF-115 were used--one being as-HIP and the

other a HIP-and-forged product. The HIP-and-forged product came from the

same ignot as the as-HIP product. The specimen labels for these pancakes

are given in Table 1. Each specimen had more than one label. Details

of the processing and microstructure of these pancakes are given in Refs.

1 and 5.

The AF2-1DA is also a powder alloy but instead of being HIP, it has been

superplastically forged 'Gatorized). Two pancakes from the same ignot and

receiving the same processing treatments were used. Specimens from

the first pancake are identified by a number in the 100 series and those

from the second, by a number in the 200 series. Table 1 gives alternate

designations for the same specimen. The processing and microstructure of

AF2-1DA is discussed in Refs. 1 and 5.

The geometry of the fatigue specimens for the AF-115 and AF2-1DA was of

the uniform cylindrical type, having 0.25-in.diam. and 0.75-inlength in

the gage section. The Rend 95 specimens were of the hourglass design,

with 0.25--in. minimum diameter.

2



TABLE 1

SPECIMEN IDENTIFICATION

Rend 95 example

XX - first pancake 19

2XX - second pancake 225

AF-115 example

2XX or 2-XX - as-HIP .202 or 2-2

5XX or 5-XX - HIP and forged 503 or 5-3

kF2-1DA examle
lXX or B1-XX - first pancake 105 or B1-5

2XX, 2-XX, - second pancake* 215 or 2-15
or 3XX 216 or 3-16

*•2-XX is frfm 2-1 to 2-15; 3-XX is from 3-16 and beyond.

A
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SECTION 3

FATIGUE TESTS AND NOMENCLATURE

The fatigue tests consisted mainly of continuous-cycling and strain-hold

tests, The continuous-cycling tests were run at frequencies from 20 to

0.05 cycles per minute (cpm). The hold periods of the strain-hold tests

were 1 and 10 min. and occurred in both tension and compression. Some

other tests--fast-slow, slow-fast, and intermediate strain-hold--were

performed using the Ren6 95. A summary of the test conditions and nomen-

clature is given in Table 2 and in Fig. 1. Although Table 2 contains

only the waveforms for the Ren6 95 tests, it is a relatively simple

matter to add the test waveforms which were applied to the other alloys.

In addition, FIg. 1 shows only an A-ratio* of infinity. Other A-ratios

will shift the origin of the axis in Fig. 1, but the basic waveshapes

will be retained.

The nomenclature used for the waveforms is relatively straightforward.

The continuous-cycling tests are identified by the test frequency. A

test run at 20 cycles per minute is called a "20-cpm" test. The strain-

hold tests are identified by the time of the hold. A two-digit code,

x/y, is used, with x being the amount of time spent in a tensile hold at

maximum strain and y the amount of time in a compressive hold at minimum

strain. For example, "1/0" means a one-minute holW in tension only, and

"1/10" means a one-minute hold in tension and a ten-minute hold in
compression.

The slow-fast (S/F) and fast-stow (F/S) tests are specified by the frequen-

cies of the slow and fast strain rates. A slow-fast test having a strain

rate corresponding to a frequency of 0.05 cycles per minute from minimum

to maximum strain and a strain rate corresponding to a frequency of 20

*A-ratio - alternating strain divided by mean strain.

4



cycles per minute from maximum to minimum strain is called a "0.05- 2 0 cpm"

test. For some of these tests, the "½" which separates the two numbers--

0.05-½-20cpm-- indicates that the strain rate was changed from the fast

rate to the slow rate halfway between the peak-strain and the zero-strain

levels, as shown in Fig. 1.

The intermediate strailn-hold tests are identified by an "I" preceding the

hold time, i.e., "Ii/0". In this test the strain is held for one minute

intermediate between the peak compressive and tensile strains.

The fatigue tests were performed by Mar-Test, Inc., using servo-hydraulic

fatigue machines. The tests were controlled by the measured axial strain

for the AF-115 and AF2-1DA and by a computed axial strain for the Ren6 95.

This computed axial strain was determined from the diametral strain through

the use of an analog strain computer. Details of the specimen geometry and

test procedure can be found in Refs. 8 and 9.

The fatigue tests were conducted at the operating temperature of the

matprial. These temperatures were 1200'F for Ren6 95 and 1400*F for

both AF-115 and AF2-lDA.

In all but one of the 20-cpm tests, the load was gradually increased until

the desired strain level was reached. An example of gradual loading is

shown for Test #122 in Fig. 2. This gradual loading was used in order to

avoid overshooting the desired strain limits. The point at which full

strain was reached is indicated in the plots and tables of data. The one

test where this gradual loading was not used was Test No. 240. In this test

the desired strain limit was reached on the first cycle.

In all the fatigue tests, slight adjustments to the control setting

were made during the first few cycles to achieve tOe desired strain level.

5



For the Ren6 95 data, the stresses near the end of the life of the specimen

were dependent upon the location of the tips of the extensometer with

respect to the position of the fatigue crack on the specimen. This behavior

was due to the hourglass geometry of the Ren6 95 specimens. When the exten-

someter tip was on the same side as the crack, then the tensile stress rose.

If the tip and crack were 90° apart, then th'.s stress dropped. The

behavior of the compressive stress is not so well understood.

6I
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CONTINUOUS STRAIN CYCLING (20 cpm, .05 cpm)

'7- V 7

A T I-

TENSION STRAIN HOLD (1/0,10/0)

COMPRESSION STRAIN HOLD (0/1, 0,/10)
) Ca a

A T E

TENSION AND COMPRESSION STRAIN HOLD (1/1, 10/10)
CT U0a

Figure 1. Waveforms and Hysteresis Loops of Fatigue Tests
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FAST/SLOW (F/S, 20 - 0105 cpm)

,i'FAST/SLOW (F/S, 20 - '/2 - 0.05 cpm)I

WITH RATE CHANGE HALFWAY BETWEEN MAX. kNND ZERO STRAIN
aa

SLOW/FAST (S/F, 0.05 - 20 cpm) i

SLOW/FAST (S/F, 0.05 - 1/2 - 20 cpm,1 1/2 - 20 cpm)

WITH RATE CHANGE HALFWAY BETWEEN MIN. AND ZERO STRAIN

Ta

Figure I (continued)
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UNSYMMETRICAL STRAIN HOLD (10/1)

UNSYMMETRICAL STRAIN HOLD (1/ 10)

CYC

INTERMEDIATE TENSILE STRAIN HOLD (11/0)

CrC

INTERMEDIATE COMPRESSIVE STRAIN HOLD (0/Il)
F 1 t
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TABLE 2

WAVEFORMS AND NOMENCLATURE FOR FATIGUE TESTS

Symbol Description

20 cpm Continuous cycling at a frequency of 20 cycles/min.
or 3 sec/cycle.

0.05 cpm Continuous cycling at a frequency of 0.05 cycles/min.
or 20 min./cycle. In all but one of these tests,
the plastic strain was the controlled variable.

1-0 1-min, hold time at maximum strain in tension.
20-cpm ramps for the strain reversals.

10-0 As in l-0,except 10-min. hold time instead of 1 min.

0-1 1-min. hold time at maximum strain in compeession.
20-cpm ramps for the strain reversals.

0-10 As in 0-1, except 10-mmn. hold time instead of 1 min.

1-1 1-min. hold time at maximum strain both in tension
and compression. 20-cpm ramps for the strain
reversals.

10-10 As in 1-1, except 10-min. hold instead of 1 min. '

101
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TABLE 2 (Continued)

Symbol Description

20-0.05 cpm Continuous cycling at two frequencies. The positive
(or F/S) strain rate was 20-cprm,and the negative strain rate

was O.05-cpm. The changes in strain rate occurred
at the peak tensile and compressive strains.

20-1/2-0.05 -pm As in 20-0.05-cpm, except the change from the fast
(or F/S) to the slow strain rate occurred halfway between

the peak tensile strain and zero strain.

0.05-20-cpm Continuous cycling at two frequencies, The positive
(or S/F) strain rate was 0.05-cpm,and the negative strain rate

was 20-cpm. The changes in strain rate occurred at
the peak tensile and compressive strains.

0.05-1/2-20 cpm As in 0.05-20-cpm, except the change from the fast
(or S/F) to the slow strain rate occurred halfway between the

peak compressive strain and zero strain.

1-1/2-20 cpm As in 0.05-I/2-20-cpm, except the slow strain rate
(or S/F) was 1-cpm.

11-0 -mrin. hold time before the peak tensile strain.
20-cpm ramps for the strain rcverqals.

0-Ii 1-min, hold time before the peak compressive strvin.
20-cpm ramps for the strain reversals.

10-1 10-mmn. hold time at the peak tensile strain and
1-mmn. hold time at thL peak compressive strain.
20-cpm ramps for the strain reversals.

1-10 1-min. hold time at the peak tensile strain and
10-mmn. hold time at the peak compressive strain.
20-cpm ramps for the strain reversals.

V11
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SECTION 4

DATA REDUCTION

The stress was continuously recorded on strip-chart recorders during the

fatigue tests. After the test, the time base of these strip-chart records

was convrerted to cycles. Then, the value of the stresses was read by eye I
fromn the chart at either a predetermined number of cycles (such as every

one hundred cycles4) or whenever the value of stress changed significantly.

These numbers were punched onto computer cards, and the tables and graphs

were prepared after suitable computer programs had been written.

4I
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SECTION 5

DESCRIPTION OF TABLES AND GRAPHS

A summary of the basic test parameters for the tests in this report

is given in Tables 3 - 5. In these tables all stresses and strains

are measured at one-half of the specimen life, unless otherwise indicated.

The total strainrange is a nominal value, making it easier to identify

and compare tests. The actual value varied by ± 0.01% in strain from the

nominal value, i.e., a test at 1.20% total strain could be either 1.19

or 1.21%.

The stress behavior during the test is generally presented in three forms--

one tabular and two graphical. The tables present the number of cycles

(N), the percent of life* (%N), and the stresses (a) (in ksi). In the

graphs the data are plotted as stress vs percent of life and as stress vs

the logarithm of the number of cycles. For most of the Reng 95 tests, all

three forms of data are presented. Those tests where one form is missing

are so indicated in Table 3. No graphs were made for the AF-115 and AF2-lDA

data.

The Ren6 95 data are organized into five sections--continuous-cycling tests
j J(Section 7), slow-fast and fast-slow tests (Section 8), tensile-only

strain-hold tests (Section 9), compressive-only strain-hold tests (Section

10) and tensile-compressive strain-hold tests (Section 11). Within each

section, the data for each test are given in a table, followed by plots

of a vs % N and a vs log N. The AF-115 and AF2-lDA data are given separately

in Sections 12 and 13, respectively.

The tables of stress behavior are fairly self-explanatory. The column

labeled "I" is merely a sequential numbering of the data. The columns

labeled "Relaxed" contain the amount of stress relaxed during a hold period.

*%N- (N/Nf) *100, where Nf is the cycles to failure.

14
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The amount relaxed in a tensile strain-hold follows the column labeled

tensile and likewise for compression. The "Relaxed" columns are used for

different purposes for the fast-slow and slow-fast tests, and the purpose

is indicated in those tables. The tables containing intermediate-hold data

have an additional column labeled "Held Tensile" or "Held Compr." This

F column gives the stress at which the hold period began. The "Relaxed"

column has the same use for these tests a, for the other strain-hold tests.

Blank spaces in the tabular date indicate that the value could not be

measured.

En the plots the same nomenclature as for the tables is used. The graphs

clearly point out the gradual loading of the 20-cpm tests. The point at

which the strain limits were reached is indicated on the graphs as well

as in the tables.

15
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TABLE 3 Continued

aINTY infinity; nominal value of the A-ratio is given.Ib bNominal value.

CThe suffix "R" indicates a runout.

dRelaxed tensile stress is the difference between the tensile stress at

the beginning and the end of the hold period.

eThe stress and strain at hold pericd are the stress and strvin at the

beginning of the hold period for the intermediate hold tests; however, for
the slow-fast ane fast-slow tests, they are the stress and strain when
the strain rate changed from the fast to the slow rate.

fThe axial plastic strain was the controlled variable.

gvalue measured from the hysteresis loop at ff/ 2 .

hspecimen was initially cycled at Ae = 0.97% for 282 cycles using a
0.05-½-20 cpm waveform. Since this precycling was not considered damaging,
the value of Nf does not include these cycles.

iTest was stopped and restarted. The stress and strain were measured near

5,288 cycles. The large tensile mean stress appears to be an anomaly.
Specimen No. 263 was initially cycled under the same conditions as
No. 257 but developed a mean compressive stress after 282 cycles.

rValue not recorded.

kStress and strain measured at N /4.

£No stress vs. log cycles graph.
mNo graphs.

nstresses measured only at the beginning, at 50%, and at 75% of the life.

°No table.
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SECTION 6

DISCUSSION

The stress behavior during the fatigue test was studied for two reasons.

First, it was desired to determine the magnitude of the change in the

stresses (and, consequently, the strains) from their value at one-half the

fatigue life (Nf/2). Most modeling of low-cycle fatigue life is based upon

the assumption of stable material behavior and makes use of the values of

stress and strain at Nf/2 to predict the fatigue life. The assumption of

stable material behavior is that cyclic hardeping or softening occurs

only during the initial stage of the fatigae test and thereafter the stress-

strain behavior is stable for the remainder of the test. Thus, the values

UL '--ss and strain remain constd.Lt during most of the test, and Nf/2

becomes a convenient point at which to measure them. Since a question arose

as to the validity of this assumption for Ren6 95, the behaviot of the stresses

was examined.

The second purpose was to determine whether the stress behavior followed

a simple pattern. It was known that the tensile-hold tests had compressive

mean stresses, while the opposite was true for the compressive-hold tests.

It was felt that these mean stresses significantly influenced the fatigue

life (Ref. 4). Thus, if a simple relationship could be established

between the strain-time waveform and the resulting stresses, then one would

be better able to predict the fatigue life.

There was not sufficient time to purmit a thorough analysis of the data;

therefore, only data trends and observations are reported. These obser-

vations concern the Ren6 95 data only. No explanation for them is offered.

Ren6 95 initially strain hardens, maik.tains a maximum hardness for a short

period, and then begins to soften. The softening continues throughout the

life of the test specimen. This behavior is shown most clearly in Fig. 3

for Test No. 240, a 20-cpm test at a total strain range of 1.6%. Strain

hardening is completed in about ten cycles; this maximum hardness is retained
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for about another sixty to seventy cycles until strain-softening sets in.

Then the material continually softens until failure at 463 cycles.

The most noticeable aspect of the tensile-only strain-hold tests is the

large and rapid shift in the mean stress--especially for tests at the

lower strainranges and longer hold times. Figure 4 shows Test No. 233--

a 1/0 test at a strainrange of 1.0%--in which the mean stress changed from

about zero to -25 ksi during the first 10% of the life. The mean stress

continued to shift in the compressive direction throughou- the remainder

of the test. Shifts to a tensile mean stress occurred for the compression-

only strain-hold tests but were less dramatic. Continual shifts in the

mean stress also occurred for those tests run at an A-ratio other than

infinity.

Although the stresses were continually changing in the tension-only
an8 compression-only strain-hold tests, the amount of stress relaxed

during the hold period remained relatively constant throughout the test.

That is, the amount of stress relaxed was a function not only of the

stress at the beginning of the hold period but also of the history of

the cycle--such as the previous maximum or minimum stress. However, for

those tests involving both a tensiie and compressive hold period, the amount

of stress relaxed increased throughout the test.

When the stresses were plotted as a function of the logarithm of the number

of cycles, the softening and stress shifts described abovd followed--to a

first approximation--a log-linear pattern. However, the initial hardening

and area of maximum hardness did not follow such a pattern.

As can be seen irom the plots of stress vs logarithm of the cycles (log N),

the material does not exhibit a stable cyclic stress-strain behavior. It

is continually softening until fracture. When examined on a linear scale,

the softening is not so apparent and it may appear to have an asymptotic

value. However, when viewed on a logarithmic scale, the softening is seen

to be a continuing process.

4I
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Since the material continually softens, methods that determine an initiation

life from load drop must be used with caution. Most of these methods con-

sider initiation to have taken place when the tensile stress or the stress-

range has decreased by 5 or 10% from the initial or maximum value. For a

material which continuously softens, such as Rend 95, these methods could

yield erroneous results. A modification to the method can be made for

softening materials by taking a 5 or 10% load drop-off from the softening

line instead of from the initial or maximum value. The softening line must

first be determined by plotting the stress as a function of log N and

drawing a line through the data. When the tensile stress falls by 5 or

10% below the stress predicted by this line, then initiation can be con-

sidered to have taken place. An example of this method is Test No. 233,

in Fig. 5, where the almost vertical drop in the stress indicates where

initiation has taken place.

Unequivocal answers as to the purposes for which the study was undertaken

cannot be given. The assumption of stable material behavior for Rend 95

is not valid. However, the degree Lo which the assumption is satisfied

varies with test conditions. For tests at higher strainranges, there is

little variation in the stresses from Nf/2; however, the variation at lower

strainranges is greater. The use of the stresses and strains at Nf/ 2 to

model fatigue behavior is problematic. It cannot be strictly justified on

the grounds of stable material behavior, but the variation of the stresses

from the values at Nf/2 may not have that much influence upon fatigue

modeling. Also, using the values at Nf/2 may be justified because they

can be considered characteristic of the particular test condi'ion--i.e.,

each tLst condition results in a unique value of stress and strain at

N fg/2. 11 1.ddition, there are no other accepted methods of modeling

fatigu,ý .Lfe except through the use of the values at Nf/2.

No simple relationship was found which adequately models the stress behavior

during the test. To a first approximation, the stress behavior could be

( considered to follow a log-linear pattern. However, deviations from this

23
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pattern are apparent in the data during the initial part of the tost.

Also, the data show deviation from a log-linear pattern during the latter

portions of the test.

A final comment concerns the effect of plotting stress as a function of

N on a log-log plot. Plots of this type were made in order to determine

whether the logarithm of stress yields a more linear relationship with

log N than stress itself. Figures 6 and 7 are exa-.iples of these types of

plots. Taking the logarithm of stress did not produce such a relationship,

and no marked contrast between a semi-log and log-log plot was observed.

21
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SECTION 7

RENE 95 CONTINUOUS CYCLING TESTS

Data from the continuous cycling tests on Rend 95 are presented in this

section. These tests are composed of the 20-cpm tests at A-ratios of

infinity, plus one, minus one and pl'ts one-fifth, and the 0.05 cpm tests.

These data are presented in Tables 6 through 17 and Figures 8 through 23.

A
I
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TABLE 6

____ ____ ___ ____ ___ ____ ___ ____ __ PECIMtN 1.7

% VN TrNSILE kMLAX70 CCMPý'* . LAE

V0. 59 175* 0.0 7.6 0.0

2 2. L3 iýG 0. 0 1960 0.0 A
6 0 S 44.87 17le of.0 1954 00 0

7 V.40. 9 S IO3 176. 0.Go 19'.7 0.00
S 164. 706 00 17;. 0.0 i91. 0.0

9 iA7o 7 S q9 1 17?. 0.10 19ce O 0.
±0 2080 82.*39 171. 00.0 18-5000
1. 220. 94. 02 1-0. 0. 0 0.0

12 232. 990 to i6es 0.o 0 0.

Full load reached at about 30 cycles.
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TABLE 7

SPECIP;N 1it

I N " ".IL. • E'.AX:3 OMFR. PELAXEC

0 0. c.00 a, 0.0 12, 0.0
2 ,, Is 30 C .
3 7. 2,2e L6. 0.0 L06 0.0

S12. 3. 91 96, c, 0, u
5 13. .o23 108. 0.0 116, 0.0

6 18, Fe,96 15 0 0.0 a 60, 5.0
7 21. es, 4 1 r-L, 0. 0 0,0

8 30, q.s77 176$ 0, 0 o
3 9 ,.a 127 0 17N, 0.0 156, C.0

1 59, 1 a ?2 177, 0,0 18 , 0,0
11 -7 v, 2S9,7-3 1 @ ,0 1 S ,
12 9',8 314 92 17 ýos 8, I 6,

13 1.6. 37s79 0. 0 18.5 8 0
14 120. 3S@09 0.0 188., 0.0
15 122. 39,74 17Q, .I.G
16 131. "4267 177s 0.0 0.0S17 133. L", 35 0.01 7,0,

148 '-E, a.. 9 176s at.0 To 5
19 1.7. 47.88 0,0 137, 0.0
20 152. 4, . 51 176. 0.0 0.0
21 i5g, 51.7q 17r, c 0 0 c I
22 iio a 0363 1746 . 0. 4154a 0
23 191, 64.52 171, 0, 0 184. 0 . 0
24• 2'3,5 "1T 521 171. C6 0 1ý2os 0' ' C'

25 277o 90.23 lieo 0,0 ip.o 0.0
26 307. ioo.0 167. 0C 180e 0C0

aLoad on
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TABLE 8

_ __SOEZIM-_ 4 22

I / .N TENSILE R-cLAX)O 001PR, RELAXE9

1 0. 00 0 35. '0.0 12. 0. 02 9. Is 35 iale a$, ,ja 133 00
3 ?3.a 4.)9 175. 9. 1,53. 0.0

4 41 8.89 176. 3.0 183. 0.0
5 65. 14o.0 175. 0.0 184. 0.0
6 115. 24.95 V73. 0.0 181. 0.0
7 157. 34s.96 171. 0.0 178. 0C0
8 .3 0 49e5 9. 168. 0.0 172. 0.0

7950 63.039 156. 0.0 172. OO0
±0 355. 77.01 163. 0. 17 . 0.0
11 4150 91c.02 161. 0G0 169. 0.0
12 456t 9d*92 1580 0D0 169. 0.0
13 . 6±. 100.00 i.5., 0a0 171. 0.0

Load on
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TABLE 9

S'CCIMSN 240

------ ----S- SSS .
I N .N TENSILE EL AXEU COMPR, RELAXcO

2 2. ,43 167. O' 175.
3 3. .65 166. ,
4 4a s66 166. 0.0 176. 0.0
5 5. 11i 166, a.0 176. 0,0
6 6. 1,3C 156. 0., 177. 0.0
7 7. 1.51 168. o0 178s 0.0
8 20s 4o32 168o 0. 0 178. 00
9 4•. P,64 1ibg 693 179. 0.0

±0 6t. 12.96 169. 0.3 179' 0.0

11 •0, 177?8 i,8, C0 178. 0.0
12 12 Ja 25,92 1660 0 .0 176. 0 u
13 .. _. ,_ _3.f_ 0 ?4 b5, -0.,.0 I_.6, qj ..

14 166a 34s56 1654 0.0 176, 0.0
15 2 Os 439V. L63. 0.0 7.ý4, 0..0-. .
16 22 . 47,52 152s 0.0, 173. ODel
17 •_ 2J4... 51.84 1650. 00 172t 0.0
L8 32C. 6'o.1 £8. 0.0 a 170e 0.0

19 36Ca 77.75 157. 0.o 169.
S'0 o. 86.39 £56. 0.3 168* 0.0

21 440. 95*07 156. 0a, 168. 0.0
22 45.C 97.1.9 560 O 0 168. 0.0
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TABLE 10

SPECIMEN 27

.. ..... a- T,. r' .: S •SS .. . . -=

N V.N TSNILE RELAXED COMP,9. ,LAXEO

1 0. 0.00 1.7, 0.0 150. 0oG
2 2& s12 1i-se 0.0 i5i, 0.0
3 33. 2.03 1-5. 0.0 V51.. a 0.0
4 33. 2.03 17. 0o0 150. 0.0
5 81. h497 1'.. co0 151.G 0.0
6 163. 10.o 1 1 .,5- 0. 0 1 o0. 0.0
7 3.6. 209.01 1 o 0.,0 1 ,1. . 0.0
8 2L4. 14. 9 S 1 4'- 0,0 149. 0.c
9 358. 21.s9 5 1.1 0.0 145. 1.0
a0 356. 71.08 11 . 0.0 149. 0.0

11 48.9. 30 .02 11-1.GO . JL7. c.
12 603. 37.02 140. 0.0 147 0.0c
13 6ý4s 41, 99 1s•. 0o3 117 0a.0
14 766. 7o.02 1-0. 0.0 14& 0.0

T5 98* 4~849'? ILOO 0. 0 147. a.c
16 847. 52 00 139. 0.0 147s 0.0
17 8C . 4 .02 1 .490, 0,0 c 46. 0.0
18 929. 5 703 L&.0a 0&0 146 .o 0,0

969 961. e 9 gg 39 0.0 14S-9 0.0
20 9O g4 619oC2 133* OoO0 1'+6. O.

22 1124. 69. 00 11'9Do31660
23 1i07 71. 03 1 3. 0.0 106. 0.0
24 1205. 73.97 137. 0.0 145.s 0.
25 12e7. 72s01 137. 0.0 146. of0
28 1401. 73.07 135. 0.0 144. 0.0
29 1287. 7f. 03 136. 0.0 146. 0.0
30 1462. 90.9g8 1375CO •. 0.0 45

32 164. 96.01 1373. C.0 14,6. 0.0
32 1596. 4 7. 7 3 13. 0.0 146. Loc

33 1629. 100. 00 1 NO. 0.0 149. 0,0

41



Fý .TZ' fP O IL' 7VUN

KI 77 n J I r: {.TENSILE

..... ;.Cl J Z '0 . ..L.C M 13 - C 1

.. ....* ... .

"1- - -7 7- > V

Figur 14.f
- ~~4 L1 -~-+42



.7.

I ~ J ~l~TENS ILE

I PR.i

tt-.. L 7! - --.1 -

-. 77

I1 I ,Ci I I MI I11
I'. -Kb T VYLS O

N~i
Fiur 15-

437



TABLE 11

SPE•IMEN 23'

-------- ST E S S . . .--
I N .N TENSILF RCLAX.O COMQR. RELAXED

1 L. o.....0 ,...., 0.3• .. ±.. 0•_ .0_.
2 2. ,01 22. 0,0 32. 0.0
3 3s .02 36, q4 0 499, 061
4 4e Of- R3. usO 64. 0.0
5 5o .03 670 0.0 72s 0.0
6 6, 003 73e 0 aj 78e Oo07
7 7. .04 77, 0.0 a 88. 0,.0
8 8. ,34 8i b. .0a 92. 0.0
9 9. 05 ¶9, 0.0 100,. 0.0TdO 1.0 , s5 96 6 0"*- 06, 0,

0 £0. .05 6 '36. 0.0 1i0e 0.0
12 123 s o06 10 .4 s o 114e, GoO

13 907 0.7 O 0 11,0 0.0-14 14•' eO7 %:Lt. 060 120, OC

Is 5 i.s: 08 126 0,0 M20. Boo
£6 ±6. .08 £1.2. 0.0 120e" Boo17 17s ,09 L.12o a , 120., 0,so
18 £8. .09 12 U a£a')0 20. 0.0
19 19s sin £13. as.0 £20. 0.020 "20O. .£10 i3. •.,) £2. 0O .0
21 9.80" 5-L.a 10 99. 0, 0 .035 0 0c
~t f' 7Y4.ooY9 ,Q 9 9. 1.35. 0

aLoad on

I
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TABLE 12

___ ___ ___ ___ __N 2 3.5.

---------............ STSaaa -----
I N %4 TFS!LE RELAXFJ COMPRe RELAXED

I* 0. 3r 4 0.0 1...

3 3. 0 31 28 0. 3Pi.0.

5 5. 4 m2 561, .01 6qo 0 0 C
6., 03 70. c 6 0.01 aI

7 90. ' ~ , .
8 £0. .04 16. 0.'1 10900

15 16773s 75900 I C,0. 00 41. *

a Lod on

........... .... ... .. .. ..



TABLE 13

SPE MEN 264

--..-... . STRESSES .......
, z.N IeNiLLL KLC'X'UO U' RLI. ARL

3 1.o rue'-- ,o, ? .I¥
2 2. .27 * 9L, 0.0 810 0.0
13 .30 . 40 l';n a, " 10 ---- B,3;" "4 4. .53 i.a, 0c0 88. 0.0

5 0 ebb 15:11 U 0 U, Il* OU
6 20. 2.66 190. 0.0 94s 0.0

8 L76, 23,40 187* 0.0 100. 0.0

1 0 4 0 0 , 5 3 .1 9 1 8 '.. 0 .0 ±0 .,
" "Z '' ,UU "- 6,•Y 184, ' - 0, ic: -0D ' -O,0

12 735. 97074 1s., 0.0 108, 0.0

I
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TABLE 14

--------- --------- ST !ýES SC3 -------

9, .T 163. 0.0 23. 0.0
i i°2 . 2• 4.. -1• 36 0 0 0 • 52 . 0

* 1 F~ 3 930 u3.

6 28. 2,32 165. 5.3 100.

37, 3.07 i72. 0.0 120.: 0.

59. 4.89 17 .. 0. 1 27. 3.C

L2 85. 7.014 I63. _,0 128. a _ 0
f71 9 .1+ 16.07 1"[6'7. " ; . 71

W 3h147. 26.01 165 0.3 130. 0.0

16 33. 4 .1 .. 1')0 129. 00,

S l"J5. 74,L15 153. 0.1 1 31. 3.0

).9 119 3. 98v84 . 152 0.0 1.2, ,3.0
af2... . TizFoo !.

aLoad on

49
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TABILE 15

L XN TENSILE -ELAXED CO0MPR _-R LAXED.

_ __._ 9t,_ .. 3_. _ _ .. , .. ___ . .. 7.0.. ... ... .0...0. . .
25 .24 -1. c.a 107. 000
_3 , , 137_ 0,C
4 1G. .47 12. 0.0 160. 0.0
5 £ 6 .7. 76, 0,0 176. a 0,n
6 28, 1.32 1•56 0.0 1800 0a0

8 54o 2 , 54 113 08 a 177. 0 . C

10 97. 4.56 116. a.'J 176. 0.so

12 342* 15,09 1164 0o4 3 174, 0o ct
_. .. • ...• 9_ 2 .3. 7 1 J_7,0.._ 7 ,0 0

14 700, 32,93 ±15. 0.0 a 172. 0.0
15 938. 44.12 115. 0.0 170. 0 .0
±6 1i00o 51.74 116. 0a0 ±68." 0.0 c

l p 1777a 83.58 112, 0.0 166. 0a0
-18 ±5 8 87 .39. 11 A 165 0

20 1938. 91. 16 105, 0.0 164. 6.0

-._.97 _.. 9.3,0_4 __ _.._6 4...___._
22 20 18, 9 49? 96. Ci.1 165. %s0
23 2359. 96.85 84a 0G0 165, 0.0

ald on
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TABLE~ 16

----- STRESSES ----
N-... -1.. N....ENSILE. RELAXED. CON4PRe RELA~kEQO

2 2. .66 166. 0.0 180. 0.0

4 4. 1.32 166. 0.0 181. 0.0
- 5... .65166-..0.0.- 1820 .- C.'46 6. 1.98 L66. 0.0 182. 0.60

7, 2.31.. .166.... . 00 183. . 0.0
a 8. 2.6'. t6s. 0 .0 182. 0.0

t0 10. 3.30 165. 0.-0 183. 0.0
........................2 0.-..6 060..- 165..s -.. 0.. 185 IS$. -0.0

12 30. 9.90 165. 0 .0 18s. 0.#0I
.......4C...- -32.-.65.- . .184. 0 a.0

k14 so01 16.50 165. 0.0 18'.. c. 0

16 70, 23.10 1654 0,00 1ds. 0.0

18 be. 26.4.0 1ris. 0.*0 Is1. co0
.1....8...- 2.3..46...-.0..142.- .CID .

20 90. 29.7 PC 64l. 0.0 183. 0.'.
22 10 .0 14. .0 1642. - 40.0

22 i~ 3(130 t4. 00 14. co
i2t*... 1. 8.61t . a. .14...... . ...183. . 0I.0

24 ±20. 39.60 164. 0.0 181. 0.0
.. 123, -4 0.5....12..-. . 0.0 181..- . 0.0 .

26 128. 42.24. 164. 0.0 181e. 0.0

28 140. 4.6920 162. 0.0 180. 0.0
.29 .- 150. 4,9.50.... coo~.-....10.. .
30 160. 52.81 1(2?, 0. 0 180. 0.0

.-31--.-. ~ ~ ~ ~ SO .7..511. 11 0. 18.. 0.0

32 LO0. 59.41 161. 0 .0 180. 0.0

.3...210. -69. 31,-. 160 ......-.. 0 .0. 176#. a.. 0.a-
36 220. 72.61 160. 0. 0 176. 0.0
.37...20. 59. -...-... 00 15 0.0

38 240. 79.21 160. 0.0 175. 0.0

40o 260. 85.81 160. 0.0 175. 0.0
-41 265. -87.46 -- 160......00 14 . 114 . 0.0

42 270. 89.11 1594 0.0 174. 0.0
.43 272. 897.-10- 00. 173. . 0.0
44 2 73. 90.10 158. 0.0 176. 0.0o

46 260. 92.41 160. 0.0 175e 0.0
.47.. 285. 94.06 -. 60. 0.0 ..0 175-. 0.0.
48 290. 95.71 160. 0.30 175. 0.0
49 292. 96.37. L62. . 00 . . 175.. 0.0
50 293. 96.70 165. 0.0 175. 0.0

52 295. 97.36 153. 0.0 175. 0.0
53 .296. 97.69 L 59.- 0.0 173. 0.0
54 297. 9a.02 ±60O. 0.0 175. 0.0
55 2i8. 9b*ss . ±0. ...... 00 173... 0.
56 299. 90.68 161. 0 .0 174. 0.0

5? 300. 99.01 168. 0.00 175. 0.0
58 301. 99i.34 169. 0.0 176. 0.0I
59 302. 99.67 169. 0.0 176. 0.0
60 303. 160. 0.3 179, .

U5



R p m , .......TJ ~ F ~ ~ + ±

7~ ~ -7- F'
r7'

A

-~ . ... t44 .
I~ - LEGEND

-- ~ 
TENSILE

Id OjuuRl.

71 :g.-vvvw7v

1,11 

W i i
* 4 JI~VLT4 T

;7 2

I.I

. t *r 1 i 7~L

I t

,,~I~hlZ

Figure 22.

56

-17>........ ............... __.



.... ,. .. ,....

TABLE 17
Specimen 34

------- STRESSES --R..S.
.__.11_-N iENSMT F R. t£ ELA XED_ COMPP,.,--RELAXED--_

I- -s IS-. • __-1571 0.0-1
2 2. e39 150. 0.0 159. 0.0

4 49 3.70 151. 0.0 1604 0.0
1 26- 509 1481 0.0 64- - 0--.-0
6 63 1617 1504 0.0 162. 0.0
1 43 16- .8.36 1.4. 0. _165- 0.0.

ais 1,56 1500 0,0 162o Osl

20 165 2.673 £44 0.0 1635 0.0

12 190 3170 1492 0.0 166. 0o0
..... .. _. .--- e .00.. -- 1650 .0-0---
14 26* 5207. 1418 0.0 1645 000

-.l9 _3n-. 8q.; jkT nun 0 0-0m 1 igeL__

16 319 3o04 140@ 0go 165. 0,0
.jZ___ .MRL.__70.4,1__kf 4,;• nl.0_ n _ir, .n

is 43, 8,38 14,6* ago t85, 0o8

28 652 47.17 140, 0.0 165. 0.0

...9 .2, 2 __5,.,_.&L.g D.__ . ..L0 i6;. -0 .....0. -

23 1020a 195*9 1432o 0.0 1665 00

24 242. 27.63 1413 o 0.0 16, 0.0
_35 ...... -. . a .-. L. n .. 6.6 __ . -L_

26 193, 37.04 140. 0 .0 1650 000
3 3 ,._. A21 .40 1.. 0. n 1 59. 0.n0
24 4 2.2 4870 141.4 0.0 1656 0.0

-43---- PG.C. _6. 8..6_l..9.4 -B £ .____n - r ±5.4•, -8 .I..A-_M0&-
230 420 52863 139. 0.0 1655 0.0

3 294- 579.31 138. 0.0 165o 0.0! ~ ~_ 3 _ _38 t o a-. _fl ,x +.• . . .n f, r'. n

43 3284. 6394 t365 0.0 1635 080
_3 .4 O8,.-_66 s, a I _t_. n -f _____

36 3507 67.66 146* 0.0 160,o 0.

38 37'8, 7'2,12 1408, Ono 159, 0,0

4.9 . 3.-9. 0 8 fn I. ....AI? - fl- IRA R an.
50 4123 00,31 141. 0.0 1060 0.0

42 4412* 86,16 1143o coo 155, 000
-413_---- •+.4.6 a-- 8 9,,B --i• 44- __.-I,.-_,tR.f45,.-- ,,---
4,4 4172, 92901 t144o 0*0 1520 coo

._%6 •, 7 9._..1 1 A 11'-,- 0.0- -. _;1 20.,D _
46 4814, 94o35 15, 0,.0 5, ,

__4 ___ __.3.6".a-....9 6-s..-6.9 __.-L_145- a .I).D.I] __11.4A"- .. -
48 502.v 97"86 14160 0O8 1ITS. 060
4q___..5 0 81.---.• " 3 -a "3 - -- 0,,.0 -
so 913, .I00. 00 111go 0o0 140a 0,8
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SECTION 8

RENE 95 SLOW-FAST AND FAST-SLOW TESTS

This section is composed of data from the Blow-fast and fast-slow tests

conducted using Ren6 9!'. These data are presented in Tables 18 through 22I

and Figures 24 through 31.I
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TABLE, 18

4 . * 3 I s . . .. . .. . .. . .a, 1 -7. ¢ 0'.. 6 .

6 6. 034 1;15. .j 176.

~~~ .. .. . U L - 1 5,- 11r% ii '

8 8 ý5 16. 0•3 179. 0. s

To ,o. 1.57 L".1. .. 2 17.7 0.0

11.,..o..,3~.. 1•5, A¼ . .1 AT, 0.dJ.

14 14. 2.4 164. 01. 176. .0 ,

J.. . ..... ,5•-_15 , 'L2JL.JtLLL.____.L0. __

16 17. 2.65 1'.5. 3.3 181. 0.0

j_9_7 .__ ..... , 8-WL ... .. t• i t3•.L 7 .-- ....- .

18 19. 20 98 154., U a 17d' G. 0.

20 3.45 t ",4. a . 177. 0.3

22 25. 3.62 165. 1.3 17-s, 0.0

24 27. 4.23 1.',5. U.0 17. a0.0

.J, _._ __. (•, • . L6 ___.__ tL._ _ L?•, _

26 29, 4o55 164, 0 a 1806 000
30 -51. 7.0' 16.3. 0 1 178-. 0.a

32 5 6. 8.78 161. 0.3 179. 0.0

34 u. b .940 161. 0.0 179. 0.6

36 56. 10.34 163. 0.a 178. 3.; 0
37 67.j0 L 79 -9--
36 s 10.82 1•0. 0.3 179. 0.0
39 6.0. 12.5'. 160. 0.3 180. 0.0
40 82. 12.85 160. o.0 179. 0.0
4 t1 3 . 14.. 11 1 .. ... _ . .. ... 3.0

Table continued on following page.

60



TABLE 18 Continued

------"--T-- . .-------

44 2 0±l ±5.83_±62. 180. 0.0

4 f51  
15. 8'3 12, U a io

46. 1.7. 18.34 .6J. 0.0 i8., 0.0
47 340. 1..0 t -l/i. 0 .Q Z70. 0,Q

48 la ~ 0 261 i 0.0 0 176, -.
21"_ 9. 40, 1503 i , 1, 1796 0, 0

?1 ?85. 44.67 -. 6 0 0 756 0,0S? 3) 3. - 47,03 1546 0,.3 171, 0,0
53 3 20D . 50.16, L.l G. .0 176, 0.0

5• 34 54.08 0.:j, J,3 ±77 0.0

56 4,•. 62.71 0.0

57 4?3. 66.10 5,3. 13.0 a 71. 0,0
58 4.3. 66.18 I r. a.J 176. 0.U
59 4__ 46. 69. 3± i.') 0. 0 ±76 0.0
60 4 70 3.7 ±6of. . j ±16. 0.U
61 4 .3 r . 77,5 1;:,0. 0.0 ±76 0,6
63 530. 83,07 160. . . 76 0t.0

64 545. 65.42 161* 3 ±6 0.0
65 550. 87,77 160. 0,Q3 17. 010

68 335. g1.69 ±i2 3. a3 1 Ili, 0.0
69 5'jr. 93,26 ýi±. 0.0 1 .9.. _.
70 650, 4-.-6-4 1361. 0,0 1±79 0.0'7'1 605, 94,83 1.i, 3,0 i,130 , 0,U

"-72 5o. 3.6 ±62.5? 2.0 ±80, 5.0
73 51IS. 96.39 ±. 0,0 1.0O. 0.0
7V 5ý00 . i8 i51 181. 0 075 1 . 98 ?A• Ibis ,_0_. 13P;• .- 0.0

76 6327 99806 16. 00 j 184a 0.0
78 637. 99,84 1.6t. a. 08• 1 i aoaj_9.9__ •.. _3 . ±_ '. 0.o *LL__.. __,Q.O _L2 ..........
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TABLE 19

SPECIMEN 262

--TE~SSES--
I N XN TENSILE RELAXED 1 CorIPR. RELAXED

1 a*. 0 143. 73.8 151. 0.0
2 2. o. 144. 78.8 150. 0.0
3 3 0, a. 144. 76.3 150. 0.0
4 t0. 1. 140. 77.5 154. 0.0
5 20. 2. 141. 78.8 154. 0.0
6 40. 4* 140, 77.5 1536 0.0
7 88. 8. ±38. 76,3 156, 0.0
8 ±20. It". 140. 77.5 153. 0.0
9 413. 38. 145. 80.0 148. 0.0

10 160. 15. 143. 80.0 150. 0.0
11 455. 42. 141. 78.8 150. 0.0
12 545. 50. 143. 75.0 149. 0.0
13 620. 57. 145. 76,8 148. 0.0
14 903. 83. 143. 77.5 145. 0.0
15 1006. s 3. 140. 77.5 145. 0.0
16 1035. 95. 13s. 75.0 145. 0.0
17 1048. 97. 135. 75.0 148, 0.0
18 1071. 99. ±28. 72.5 145. 0.0
19 1083. 1(0. 1234 f5.0 150. 0.0
20 1084o. ±0. 120. 72.5 15£. 0.o
21 i085e LOC. 118. 75.0 0.0

Tensile stress minus the relaxed stress is equal to the stress at whichS~the rate change was made.

64I
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TABLE 20

--------- STRESSES--

1 I YN TENSILE ..RELfiXED CMPPR.. RNE£ AXE3

2 2. 1.03 1;9. 0.0 176. 0.o
3 30 1.55 1696 0. . 176. . .Q4 4. 2.06 169. 0. 0 176. 0,0

5 5. 2.58 18. OD t.77..... .a
6 6. 3,09 169. 0.0 177. 00

7_ 7 3.61 169q....0 ±75, 0,0
8 8. 4,t2 170e 0,0 175s 0,0
9 9 4.16 176. 0.01 175. 0.0

10 10. 5.15 170. 0.0 a 175. 0.0
j.1 15. 7.73 .170, 0.0 174, a
12 259 12e59 170. .0.0 1.74. 060S13 41,0 20.62 1 C,8. a0. 175, .Oa

14 55. 26.35 168. 0.0 0756 0.0
15 65. 33.51 167, 0.0 175. 0.0
16 85o 43oS1 1660 0. a 175. 0.0
17 95. 48.97 t66. 1 173. 0.0
18 116. 59.79 164, 0.0 176o 0.0
19 130. 67.01 164. 0. 0 176. n . '
20 1455. 74.74 163. D .al 116. 0.s
2 1 160. 82.47 1623. 17F. n.o
22 170. 87.63 161. b.0 176. 0.0

92.78 L6 0. a - 176. L....

24 15. 95.36 159. 0.0 176. 0.0
25 188, 96.,.1_ 157., a. ..76, r).a
26 190. 970,9 155. 0.0 177. 0.0

27 193. 99.48 t52. 0.a 178, 0.11
28 194. IOt'. 00 19 0o.0 1178* 0.0

67
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TABLE~ 21

SPECX1IEN'203

_____ H4ELD RELA.XEO PFA( H4ELD
-r- tr-TS"SIL7 TENSILE' TENMtE C04Pý'- COMPRI

I Is 0. 120. of 0.0 I18. Sa.
--a# Me~ C -. 0 13~-59.

3 3. to 121. _Q. g.0 11. '59.

5 13. 3. 11.8. 0. 0.0 12n. 62.
Sa . I' be 7 127 6.

7 54 0. 1ic . 0.Ca 0.0 M2e 62.

'r13 96. 18. 112. 0o C.0 125. 64o
1l~ l5 0 29-i116 a* -0 o-0 -124 1 -6 'tf-

1s 2 0:0. 0 B 111.i 0. 0.0 130:. 70.
is 1-0~0 of I0- I a7;- I30 -
17 220. 42. 109# 0. 0.0. 132. 710

19 250. 48. Ili, 0. 0.0 130.0 TO.
-?0-265 5-51-o 11 47W- - i*- 0-U - 1 2F 6 *-
21 .... ?LJ__Aj..U----D.---R 1 ±L...A...

23 288. 55. 1614. 0. 0.0 166.1
24 o 07 1 5. I5' SV* _7 1; _ I S? 1o-
25 332. 6'.. 1620 D. 0.0 1.690
-26 3 kQ77-67r 1~0* ~01*
27 417. ace 160. 0, 0.0 170.

29 435o 84o 159. 0. 0.0 169..

31 1497. 96. 162. 0. 0.Pt 164.

33 S25. 101. 168. 0. 0.0 1556

'Thic stress is the comipressive stress at which the rate change was made.

Todifferent histories were imposed on this specim~en. Everything above
the dashed line was a 0,05-½-20 cpm test at a total strain-range of 0.97%.
Everything below the daEhed line was a 0.05-20 cpm test at a total
strain-range of 1.4%. This condition was run until failure.

70



7.4--J.71 ~~ ~rr

U ~Ii~i; ~z~ COtIPR.
7-t-

Lit

F Fgr 30

71j



LI

r- -t:

4.7

-r-i7

. ... ... .. .. . .



TABLE 22

SPECIMEN 2571

2
.fAF'( '4EL' RELAXED PEAK) MELn- RELAXEO

. .NT!MSTLT TENSTLE TENSILE COMCP. CONV'q. COMAR.

2 . 0. 117. O. 0.0 12?. 9t. 98.3
3 V. . 11?. o. 0.0 1M. 59. 96.T

S. 0. 11?. 0. 0.0 122. 5.9. 5.8.5I
40. 117. 0. 0.0 117. 56o. 6*

5 . 0. Ill. 0. 0.0 119. 56. 56.r
7 So 0. 11;...........0. 00 12?.. 59. 58.5

8 4) . '. . 0.0 11if,. 54. 53.8
9 21.0. 5. 12',. 0. 0.0 l1t. 49. 4q.1

10 244. 5. 122. V . 000 11r. 1; . S3. 0 S

is 660. o.91q . . O. 4. 4.

19 610. 130. I360 0. 0.0 103. 44. MO.
20 66g. 13. 14. 0. 0.0 900 32. 40.4

21 7?00. 13 . 131I. 0. 0.0 11,.* 44. 44.g

22 730. 14. 171. 0. 0.0 Its. 42.1. 421 I
23 801-. i5. 17 . 0. 0.0 145. 40. 39.8

215 104 1?. 2?. 14fl. 0. 0.0 9SO 35. 35.1
26 2610. 4q# 1163. 0. 0.0 94.- 30. 30.4V
27 2M.5. so 14. 0. 0.0 91. .10, 30 .4F

29 2655. 50. 105. 0. 0.0 8?. 28. 28.1

11 65?. 50. 1?6. 0. 0.0 91. 26. 25.?
I? 2658. 5. 131 i. 0. 0.0 9%. - 26. 29.?
33 26694. St. 133. 0. 0.0 all 23. 23.41
34 P660. so. 131. 0. 0.0 83. 23. 236

is; F661. 50. 133. 0 0.0 8. 2. 2.

FS 7613. 50. 036. 0.# 0.0 8. 21. 21.1
380 2671. r,1 . 11 0. 0I0 8?. 21. Eli I-

39 25q5. 54. 1 '8t, 4 .0. , 0.0 8V. 19. Is.?

41 2815. Sr,. 140. 00 0. 82. 16. 1.

43 3?'-4# 62. 140. of 0.0 82. 16., 16. lo
44 '301. . 62. 138I 5. 0. t.0 81. 16. 16. I
49; 34014. 6#4. I38 0. 0.0 81.. 16. 16.4
1.4 33 29. 74. 1 3h. 0. 0.0 8?. 21. 21.1
4.7 ?135# 74. 116. 0. 0.D 8.c1 21.1
4 0 39Y16 i 74. 131........0 . 0.0 8. - 2I.T"
49 3341. 75. 116 0. 0.0 9t1. 19.0 8.
Sq 4074. T7. 129. 0. 0.0 91.. 26. 2.

52 4T!9. so. 131* 06 0.0 OF. 21. 21.1
53 4230. 80. i12' 0. G.0 91.. 2M 2s.?

-4 4211. to. ill.......... ...0. 8 . 21. -21.1

55 4254. 81. 131. 0. 0 . 26. 25.?
56 .~&..03. 131 8 0. 91 3. 23.4

97 16393. 83. 129. 0. 0.0 9t. PG. M5?

56 k397. 0 3. 131. a. 0.0 89. 23. 23.4

%65.49. so. 111. 0. 0.0 of t. 2..
61 5288 too. I11 0. 8 0.6 63. 23. 23.4

1All the stresses below the dashed line should be multiplied by '

1.068 to obtain the correct value.

2This is the compressive stress at which the rate change was made.
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SECTION 9

RENE 95 TENSILE-ONLY STRAIN-HOLD TESTS

Data from tensile-only strain.-hold tests on Rend 95 are presented in Tables

23 through 37 and Figures 32 throuigh 57. The hold periods were for one and

ten minutes at the peak tensile strain and for one minute at a tensile

strain between the zero and peak strain levels.

tI

. *1
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TABLE 23

SOECI4EN 5

-- STRESSE ------

1 14 %N TE.$IL E RELAX-ED COMIPR, RE1. .. . .

1F I ,t 0;8. 11.3 180, 0.0
2 2* a. 169, 1608 1ais 0,0

3 3, ,, 1 .,P. 420,0 18 o0 0 -

4 40 2. 170. 22.5 183. 0.0
5 6. 2. 170. 21.3 1850 .0
6 12. 5. ±7o. 25.0 186. 0.0
7 179 7. 170 25. 188. 0ea
8 25. 10. 169. 23.6 188. 0.0
9 33. 13 .. 16, 22.5 189a. 0.0

10 39. 15. 166. 23.8 190. 0.0
41 '0. 16e 166. 21.3 189. 0.0I

12 55. 22. 165. 18.8 189. 0.0
J.3 82o 32. ,165. 22.5 189. 0.0,
14 85. 33. 164. 22.5 188* 0.0
15 97s 38,. 163. 20.0 188. .0 -.0

16 113. 44. 161. 2L.e3 188. 0.0
,17 ..:3 3$. 5t. 1I,60. ,,16.3 o._6 .0.0
18 13'2, 52. 16,0 2s'O0 186o 0.0
•19 ... 158* 6:. 60, 2295 188m 0.0
20 160. 63a 160. 20.0 186. 00
21 1710. 67. 159. 20. 1 a. 0.0 -

22 180. 71. 158 200 a 186o 0.0
23 1970 779 15.6• 18a. 186. 0.0
24 2'0:;4 80. 1550 ±7,5 186e 0.0
25 20:6. 81. 156. 16.3 154, a. aa
26 207, 81. 158* 20a 0 185, 0.0
27 ?15, 85 4 1 S5. 20. 0 185. 0.0
28 219* 86, 155, 200 a 186 0'.0
29 Z38. 93, 154'. 18.8 185. 0.10
30 240. 94. 153* 18.5 185a 0.0
31 Z469 9b. 151, 21,3 185. 0.0
32 Z54. 100. 151. 20.0 184. 0o0
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TABLE 24

S3ECINM-N £0

---------- STRESSES -------

I N TENSILE RELAXEO COMPR, REL.AXEO

1 1, 0. 175, 7,5 181* 0.0
2 2. 1. 173. 7.5 185. 0.0
3 3. is 173. 7,5 £85. 0.0
4 5. 2. 173. 8.8 186. 0.0
5 8. 3.. 173* 10.00 189. 0,0

16 5, 4. 173. 1O.3 190. 0.0
6 15* 6. 173. 11,0 190, 0.0

25. 10. 171. 11.3 190a 0.0
9 30, £2. 170, 10.0 191. 0.0.
o0 40, 16. 170, 1,3 191, 0.0

11 50. £9. 1i68. 10.0 10930 0.0
12 70. 27. 1650 10.0 193. 0.0
13 lo0 43o 1630 10.0 191. 0.0
1 £4 13 0 5£, 160. 8.8 191. 0.0
15 160. 62. 159. 8.8 190, 0.0
16 £80. 70. 158. 0 0.0 190. 0.0
17 20;0. 78. 1560 £0.0 £90. 0.0
18 215. 84. V ±5, 8.a 190, 0.0
19 ?30, 89. 153. 7,5 190. 0.0
20 235. 91. 153s 10.0 190. 0.0
21 239, 93. ' 1i, 8, 190. 0.0
22 245o 95, 150. 10.0 £89. 0.0
23 248. 96, 148. 10.0 190a 00
24 Z52. 98. 145. £0.0 190. 0.0
25 254. 99. 143. 8.3 I0S. 0 .0
26 256. £00. 140. 10.0 £90. 0.0
27 ?57. 100. 138. 10,0 190, 0.C'
28 258. 10o. 125.

'1
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TABLE 25

-------- STRESSES-------
I 4 %N TENSILE Rji:AXNO COMOR, RJl.AXQ

I1, isl... -L. A 8 1660 0.)0
2 2. 0. ±61. tl,.3 170. 0.0
3 3, 0. i'3. 7.5 170. pop
4 4. 1. ±60. 11.3 171* 0.0
5 , .Ia., 7. 1.71. * .O6 7. 1. 158. 1070 171. 0.0

7 8a 1. 158. 11.3 173, 0.0
8 10. 1. 1~55 8.8 170. 0.0

S ... 1~1, 1-. 155. i•.n 10, p'.11 ...

10 15. 2. 55 7a5 a 71, 1,

12 37. 5. 150a 23.8 1.70o 0.o
.,3 , 10 148. __ .a a
14 93. 12. 145. 8.8 173, 0.0

Q15 1490, 19 143. 7.5 173.- 0.01
16 155, 21o 141o 8.8 175o 100

145, _-,5 170. D.,
18 163. 22o. 145. 12. 5 179. 0.0

20 220 e 29. 140o 10.0 175. ,00
2 1 2306 31. o, S.. a 7Z3.

_2 352o 47, 139. 8.8 173. 0.0

24 373. 50. 135. 7.5 75. GO.
25 5609 7 .5,_J 135.,1 .J... 1-76. 0.0

26 561. 75. 13±. 10.iJ 178. 0.0
27 565. 76. 128. 7.5 186. ..
28 568. 76. 13±. 1.3 ±80. 040

59 59. 76. 135. '.5
30 570. 76. 140. 3.8 170. 0G0
31 571, 76. 14S. .5 170. 5.0
32 575. '77, 140e 7.5 171. 0.0
33 578. 77. -138 . 15m.0 a n.
34 579. 77. 133. 10.0 coo
35 580o 78o 03 0, 7,5 __0.0
36 605. 81. 138. 10.0 175. 0.0
3- 9 Z.,, 1 5, 6.4 173. 0.0
38 710, 95. 130. 10.a 175. 0.039 715. 96. 135. 6.3 170.D 0.0

40 723. 97. 134. 12.5 176t u 0
.41 730. 98. 131. 5.0 - 174o co.
42 74,1. 99. 130. 7o5 173, 0.0
43 7 45. 100. ±8. 7,5 170. 0.0
44 748o 100, 1j8o IGO 0 115s coo
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TABLE 26

SP:cIII!m 12

--------- STRESSES -------I.N TENSILE R1ELAXED COMPR. RELAXED

1. 1. 0. 15. 1.3 143l 0.0
2 2. 0. 150. 0.0 155. 0.0
3 3. go 11. 1.3 156. 0g0
4 5. 0. 150. 2.5 156. 0. 05 6. * O. 150, 5,0 a 1609 0.00
6 12e 1,0 146* 1.a3 16is 000

7 22. 2. 145. O. 0 161. ova
8 24. 2. 145. 1.3 163. 0D0
9 32. 2. 14 3. 1.3 164. 0.0

10 51. 4. 141. 1.3 165. 0.0
I1 60. 5. 1 0,a00 -165. 0.0 _
12 70. 5. 141. 1.3 164, 0.0
13 80. 6. 140. o.- Qo,6-__
14 99, 8. 140e 1.3 165. 0.0
Is 1170 96 179.0 1j1 165. 0.0 ,
16 139. 11i ia8. 1.3 165. 0.0
17 ±95,. 15. 136, 1.3 166. 0.0
18 252, 20. 135. 1.3 168. 0.0
19 317 251 134, 1. 3 ... 0..LL8,
20 393e 304 133. 1.3 168a 0.0?1 4419 .. 3 4e 131. i 3 168a JLXO
?2 613. 48. 130. 1*3 168. 0.e
23 774. 1- 1?9. 1.3 i68. 0.0
24 852. 66. 1-P80 1.3 168. 0.0

_ 965±.._ , 12_ , 1.3 169. _ v
26 10'.5. 79. 125a 1.3 168. 0.027. 1 35 * 80. 1?4. 1 " #1 1 0-

28 1112. 86. 123. 1,3 170, 030
?9 1190. 9,. 12•. 1.-3 170. a e 0
30 1M166 94, 1?0. 1.3 17l. 0.0
31 1245. 97. 1,_ _ ..... 0.._ .a

32 1254. 97. 11.5* 2 0 171s 0.0

34 1266* 98. 108. 1.3 171O 0.035 1,5,3, 99. 1 3.8 171.

36 1276. 93. 103. 2. 5 17',. 0.0
37 1?83. 100. 9(. -8 .

38 1234e 100. 98.I 5 £71e 0.0
39 t2859 1O00 98g 3.8 17a. 0.0
40 1286. 100. 96, 0.0

I
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TABLE 27
SPECIMEN 39

---- .STRESSESS....."-

N ZN TFEISZLE RELAXED COMPR. RELAXED

1 1. 0. 136. 5.0 138. 0.0IJII7711 3 5 jjjiE±.ijE5jHI jij
3 3. a. 133. 6.3 143. 0.0
5 5. 131. 5.0 145, 0.0

---- 8 .. .. . ,....-1 . .. 12 9 ... .. . 6,.L ..... 146,0 0.. .

r 20,o 63 148o coo
at. . Z9, --- ,-. 1234, 3,..._1 0-.0",

9 30, 2. 125, Soo 150, Goo
--. 1fl. ..... •9 -- 3e - 1 3 3 ... 150,.0*0 -

11 73. 4. 121* 6.3 15l 0c0
-- 1 . .. . .750 . .• .. 2 °.. . ... , .. 153o -0•

13 779 4o 119. 6.3 1550 0.0
.-- 4 - .---- 7. .... 5,.... .. ±20 -•-- -- ° 0-- .. :1 • -

15 £00, 6. 119. 5so0 153. 0c0

17 190. 11, 116. 6o3 155. o.o

19 261. 15. 113. 5.0 158. 0.0
-... _ Z.., - 1.5.- 1182 a°_AIL.__.1.5i.- .. L.

21 317? 18. 115. 5.o 155. 0.0

23 458o 26. 115. 5.0 153. 0.0
S.... .. 3, ...0.34-. 115, &I

25 12599 71o 110 5.0 155. 000
.. 6 - .1.2. 5 _ ._7 , . 9-b ,3 _ _.S..., -

27 131i? 74. 1 ,8. 6o3 155o 0.0
-._Z _ .1 320°_ 74m ... 10m_- --.... ---- . .. 3- -155_- .2 a _ft _

29 1558. 87, 108. 6.3 1,55, 0.0
...... 30 ..589r .. 89.... 1•iI5 . 0 . L -

31 1750* 98, 108. 7o5 153* 0c0

33 17736 tO.0 1066 6° 1 155. coo

35 17750 IC0, 108. 7o5 154.o 00

37 17F7 7 100. 110s 8.8 155. 0.0
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TABLE 28

3PECIMM 30

--------- STRESSES ------
N M ZN TENSILE RELAXEO COOMPiR. RELAXFD

t 1 0. 163. 2.5 M5e 0.0
2. 0. 161. 2.5 164o,. 0.0

3 3. 0. 160o 2.5 165. 091
4 4. 0. 159. L.3 164, 0.0
S s. 0O 159. 1.3 165. 0.0
6 10t oo 158. 2.5 166o 0.0

0 2. 0. ±5s. 2.5 168. 0.0
g 1, 15,a 2,5 1169. 0

9 q 29 t 1.51. 2.5 Via1.0
10 31. 1* 153. 2.5 170. 0.0
11 38. 1t 1±., 2.5 .70, 0.0
12 48. 1. 150. 1.3 171.
13 58. to 149. 2.' 1±73* 0,0
-T*4 59. 1. 14.3 1.3 173. 0.O
15 60. 1 . 1504 2.5 173, 0.0
16 86. 2. 14. 3.So 1i5, 0.0
17 96, 2. 146. 1.3 17F* 0.0
18 10:5. 2. 145. 1.3 175. 0.0
19 11s, 2, 143# 1,3 I 1+60• coo12 115. 2 14. 1.3 1th. D0.0

2v1 16,1, 3, 1I id.,to3 I8an* 0.0

22 16?9. 3. 143. 2.5 171). 0.0
23 20.1. 4o 141. 2.S 18$). .0.0
24 m1. 4. 1kso .103 IC.* .00

25 344. 7. 0139. 13 is3, 0.0
T6 385. 8. 138. 1.3 18±. 0.0
27 40.0. 8. 13g. 2.5 18st. 0.0

78- 4!. , t, . i,0, ,0, 2*5 18L, 0,0

29 506. to. 115. 1.3 .31. 0.0i0 60;0. 12. 16. 1.3 183. 0.0

31 ?Oal, 15s 135. 1*3 1831 0.0
33 70.7 15. 135. 1.3 I8s. 0.0
33 568. 17, 1350 1.3 184. 0g0
34* 9 F5. 134. 1'4,3 1.8'• 77 -

35 945* 19. 111, 1.3 185, 0.0
r----To:z. .-.0. 135. 2.5 1±4,. 0.U

3? 1087. 22. 1?6. 2.5 183. 0.0
38 1107- 22. 135, 2.5 183. 0.0
13 1143o 23. 133. 1.3 184. 3.0

40 1353, 270 130. 2.5 185. .Oa
41 1381. 28. 1?9. 2.5 188. o.o

131 . 28. 1.8, 2.5 186. 0.0
47 150:8. 34o 129.. 9.5 1e6. 0g0
45 1716. 34. 16o. 1.3 165. 0.0
44; 1515o 30. 128, 2.5 188. 0.0

Table continued on following page.
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TABLE 28 Continued

SPECIMF4 38

- --------- ST.. ESSES -------
1 .4 XN TENSZLE RELAXSO COMPR, RE6AXE)
46 1736. 350. 1?5J. 25 t85. 0 4
'.7 1751 31. 1 9M 2.5 • 186 0 .O0
48 1590.. 36. t3o. 2.5 135. 0,0
49 2290, _46. 18, 2.5 0.0
"- o----47Y, ; •5 1. *. 5. 0 188.. a, 05,. 260), 5s . 174, 3.8 18_9. _0

s? , ' . i•6, 2.5 190. a.0
5! 350i. 72. , 2.5 188, 0.0

55 3753. 75. 1?5, 2s5 186, 0,0
4-1 _O'0 -)T 6P. U .I a.2.5 ... 188.0.

57 4165. 83, ±?3o 2,* 189. fl.
158 4 60 o, f •6, 1 ý4° 3,81 188s 3,so

h 0 4iZl 92. 120. 2.5 18t, 0

2 4 ±V7 U. 94 io 21r 8

I_ :-:- :7:5: !5 116f . 2.5 1.5. 0 a.646 823. 96. Lt0 5..5 W8s n,

65 4 5. 98. 1 o

66 4'0. 97, 1131. 235 0.0

S___,____ , 3_J _ __ L _ __ _ ,•... . ,'2, . .

69 41b,. 9n, 110. 2,5 0.0ýo 44,1.006 l a, 1 -18 o 2*5 Lass 0,6
71 4J12, 98, 10 5. 5o, 0•

! ~72 4-2 , 9 . lO o3od 0 *0
7 3 14 9 j' G • . ,._ _LO,_ oo•
74 4947.h 99), 93. 3.6 0 a G

875 43 4,o 9 . 3.. . 2.5 0.0'!76 Lois . 99. 164 1.3 0.C

S77 •_§, 99 J•. iL•0.0
SO 4170•36. 99, 24W Z5 0,

j.1 L,36. 99. i8. 2.5 ..
82 4 ;79. 99, P6. 2.5 0.0
81 4983. -__!j 3, 61- __sI_- -S_
84 :385° 99. 33, 1.3 0.0
5_•.Li L.0..Ai 0., .__,.._ _

_86 4199, 100, 80. s.5 0.0
88 5007. 1; 1.00 7 2.5 0.n,

90 5016, 100. 736 1.3 0.0

91
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TABLE 29

---------------------------------------STRESSES-------

1 . 0. 123. 2.0 132. .

14 85. 1 112. 2.4 F 131. 0.0

6 20. 2. 12.e 2.0$ 141. coo

So a20 LPG 106. . 14. a0 .0

121 27 00 Ls$0.36 0

14 a60$ is 108. 2.0 14',. coo

IT - 39 . 5. 105. - 2.6 M 1*. *0.

16 12G, 2. 103. 2.0 14lo 01.0

is 19, 3. IS. *0 143*7.

28 259.0, 7 102. 1.2 11;6 0.e

34 26*.! k". 100. 2.0 141. 100

24 3 0 * 0508 146* coo*

36 ~ s 12.0149. 20 15.40.0
26 34. 0 03o. 20 19* DO

38 440s 12., 98. 1.2 152. 0.0

50782 12. 1040 lo0 152. 0.

-42- G 40. 1. 9 Me. 1. 12..6 0.0U

167. U- i25. -94. i.4 155 0.G

Table2 oninue on0 foloin page.D

-4T - -? S5 . 1969 4590 5-.

42 3c 3e9116 ff 0NT ...........1................s L



TABLE 29 Continued

s 6'rc"F: R--2 J1

--------- STRESS.ES ------

3 :94. 26, -3. .3 156f. ,.U&

62 23 2•. * 31. 920 es 15 ,.
214.2i&,. 33. 5.: 1.2 157s ,00

66 2275, 35. 92v 1.2 156. 0..0

fa 24,.G. 38. 9a. 1.2 1.57, f 00

fj ~ S.. 43.,70 240., 4+3o 91. 2.• Cf6 0,,0

72 295,. 45. 90. 2,C 158. 0,0

74 3417. 52. 87o i.e 160. 0.0
7'-- -3 .T4 .56. .4 15io. 0.0
76 3- .. 53, I' 16J. 0.07.7 3 :to 0! 54, . 1,. -i' 16,; 0&0

76 3sc ;,. 58. 36. 1.6 J61. 0.0

80 4 14- 68. es. 1,2 16j. 0.0

6;2 5355, 77, -14, ,. i6j, 0,0t

83 5-,. a 3 63. lo 1.16 161. 0a
64+ A 1.75 8, 7# 64, ,6 161.t 0,0a

85 ... .'C. 93. 86. 1.2 16g. O0 *C
86 .. W , 9 . 65. : 1 i. o as a.
88 -639". 96, C., 2- 163. 0.0

90 S4L.2. 99b 79, 2.6 16too 09.0
92 64173, 199 737 1.2 1.60 C,0
95--- ;• "-UC. t.6. 2.2 fiu.TL.• ...
94 6" . 99. 6Ae z,2 16i , 0.0

96 .516, 100. 610 1.3 16c, goo

95
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0 114.

30 4 31;0.
a 2 . 0. 11.3. 135iI. 06

Ia 40. 0. Li. 0.3 13'.. 0.30

62 16. 0. 's 0.09 136. 0. 0

14. 126. 1. 10 5. U.0a 141.. 0. 0
15 170. 2. 104. a
16 ?26. 2. 113. 0. 0 U
18 '.00.- -i I. At-0. 0 --0 - 0,0L-.
Ia 4 0 4o 9) 0.oa0

20 5 6 5. 6. 36 . .0
'1 91 - 7. 00: .L 0,

22 413. 10. q4. 0.0 (.0
'ý3 - ".) __________

?5 1 IJ105 12. 33 0___ 0 0.0 _

28 130. 2d. 'J5 .0 1. 0.01
2 F 1150. 12. 1 0.01 151,. 0.0

z 1 3 0.0a 1513. 0.0

_3J .29 I4.L 0. 54 0.

33 16ý00 1? I .3 15
32 2383. 20. 44. u.3 156. 0.0

3d. ?80G. 29, '35 . 0.3 156. 0 .0
35 4) 3 0 t --!LL.-- ,
36 '.00. 460. 84. 0. a 1593. 0 .0 .
34. 4 10 5. 50. q34. a .0 159. 0.0

4.0 600.0. 62. 5'.. 0 .0 160. 0.0

42 6300. 66. .~. 0. 3 160. .0

44. 6 450a. 67. T 3 0. 0 160. .

46 6 515. b8. 53 3. a3. 160. .0N

7 516 1A1. a.
43 680'14. 71. 19. 0.0D 161. D0.0

5 13 00.3. 73: 71 . 3. 160.51 7 4 3: 3 7 '3,0a:_- 0.0 1a 1 3.3Il'
12 750 3. 751. '13. 0 .3 160. Q. 0
53 7ra6. 79. 78. 0.01 16a1. .

*769 ).' 82. -a. 0.' 1.f63-. I .
56 7M2. e2. 89. 0.01 161.. 1. i. 0

55 730,. 81. 81. 0_ 1. 161. J. 0
57 7300. 8'. 39. 0. 161. 0 .0

601 00.:93. 7). 1 . 163 ).0

60933. 9. 84J. 2.0 16... J.0

72 95?'.. 990. 8. 2.5 16'S. 0.0

98
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TABLE 31

____ _ ---.. ..- *--- -. . . . . . ... SPECIMEN 237~-.--.

-------- STRESSES------
1V.N- XN TENSILE RELAXEC COMPRo- RELAXiEGO---

2 2. .01 112. 2.0 112. 0.00

4 10. .06 ~.1a9. 2.0 117. .0.*0

6 Ise o12 106. 2.0 119.s 0.0C

8 82c9. $0000 1&4 2.0 149o 0.0
2i314. ?-6w 7ev i.0 0 2. 0.0 -
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TABLE 32

,. C sMP.g Ei.AXE. -

2 2, , 160 8,0 177* Doi

1 3. to I 60o 84 a 175. 0.j
4 4. 1 158. 9.0 176. 0.0

5. 1 157. 8.0 , M ,1z2,0
6 10 2 2. 153, 7.0 179. 0.01?J6* 3o 1SO* , ? I0_ tit 0.0 ..

8 22. 5. 148. 8.0 182, 0.0
9 zoo 6.- 146o 8 *3 152. 0.0

10 34. 7 145. 7.0 184. 0.0
4- I •e S. 8 184o 0. .12 54'. It* L42. 7.0 185. 0.0

1 64o. 13, •• .. 1. tos. 0.Q

14, 70. 15. 140. 8.0 ±86. 0.0
15 81 7 1.. 139. t,.•. i. 8 0.0
16 S8. 18, 1:38 68.3 168. 0.0
17 10.5 . L. 1 L.. A tag1,9 a 0.a
18 11. 23. 136. 10.0 190. 0.0

20 12ij. 27o L346 o ,0 193. .0.0

24 21. 4 132. 3. ±92. f22 11.1 331 1319. r. a 192, 0.021 43. , , _1.q. 71- 19j. io. 0.
24 213o 44o 131, 3,0 192* 0,)1
25 to-+ • e Ill•, , 92_i0t 91 0.0
26 246, 514 1296 9g.P 192ý Oea

17_ 24)1 t .5 1 o 1 . 9 . 0 192. al.
28 27I: 57. 130o 680 190. 0.0
23 2714. 58. 1291 __ .3 19 .. . 0r

30 2?84. 59o 1?8, 8,0 192, 0.0
J.1 34:h 64. 1? . to,..a....1 a n
32 31,1 66. 128o 110 1926 0.0
3_ 32b, 65. 179. .0.
34 33".o 69. 1286. 12. 193* 0,0
35 Th1. 75. 1?6. 10.0 192. 060
36 37:.. 77. 125. 9.0 19z. 0.0137 38•:.._ L • 4-go o.4 i9 J -__.__LO
38 38a9, bi. 123. 911 193o 0,0
39 3 9. 5 82, 114. too a 936 Q .. 0:
40 4 3 ?o 91. t?2, 960 a 9Me 060
4 1 ) 49. 93. ia.0 12_,0 .. 192, Do,
42 5S•.,o 9so 116, 12,0 192o Dec
43 461. 96, 106, 12,0.. Me• 0.0
44k 462o 96. 1:• W*..0I
45$ 467t? 97, 88, to 0_,0 193* 0.0,
II6 46. 976 84* 060

47? 4?3. 99. 3 11, a 19)60 0,,0
4i ?1#t+ 996 53o 0*0
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TABLE 33

4 %N T;E4SILE RELAXS0 C;40F~ PCLAXEO

I It 0. isle 10.0 isle 40;

3 3. 0. 14-5. IGO 160. G6t0

5 7. 0. 138. 563 163. c.0
0 xi; L. to I*@ t aU lbo U
7 19. It 1130 S.J 166. G.0

9 4.3. 3. ii6. sod 170. 0.0

11 67. '.. L.* . 38 17030 0.7

13 91. S 5. ±.1 5.1So 174. coo

1615 It'. of 121. of 173.g UOU

19 1070, Il. 121. 5.3 173. 4

Z 2 23. 1T* 119 * do5 1m 2

23 2S3, IS. ti8. sea 174. Doe

25 145a 20. it5. 504 175. 0.0

2? 625. 310 113. 5.0 176. t

29 6'316 37. Litt S .. ) 176. 0O~r
au 4 1 o 65. 111. beJ 3 18. q

31 691. ,10 Li0o 6.3 179. DOG

315 1?41. 73. 1ý60 So.3 178. coo
______(4@__tube__06 ______________

3? V~6'.. 74o. i13. ?O 1. *78. 0.00

39 1 *ý9 F, P2. VS5, 6.3 1760.0

41 1?ra4 I LO do ±00) 175.o I 0.0

43 1 I06. V 0C 63.D IQO I 6u

4 lol %j4 3 7, 90C

9TO 'j. a 2 VI. u Y

47††††††††††††† 0 I.s
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TABLE 35

SPEOZI4EN 246

PEAK HELD RELAXED PEAK HELD •ZEL Al ED
N %N, TENS. gJ. TENSILE TENSILE C O HPRj...g.Q_0M 1&- r .,

I 1. 0. 171. 167. 10.? 185. O Poo
.. to.it 1755116s 23.2 tiS. pop
3 3. 1. 176. 160. 16.4 180. 0., 0.0
4. ,4. _..ia = ?7. 1.4, 175. ogo JOB, 0. 0 ._.

S 5. 2. 176. 160. 21.1o 1860 0. 0.0
6 '6 2. M ±7W 20oZ -l146 Oo 0,0
7 8. 3. 1 ... 156. 19.6 18.b Go 0.0
8 91, 1. 1.. 4, 1 A,0 16$ O
9 13. 5 175. M 153. 18.0 166. 0. 00

10 . 16. 6, VS. 152. 19.'. too,.a 0.0_
11 17o 7o 175. 152. 17.2 185. 0. 0.0
S20, g. 0175 12. _ 0.6 1t8, 0. COO

13 23o go 173. 151. 18.2 o0 000
_I.* I€), tJ~ .._ j ,+. . M eJo 18.0 tý4 . o 0. •_

1i 32o 13( 174s 150. 16.8 189, of 0.0

17 40. 16. 174. 1Vigo 16,1. 189. 0. 0.0
_*e .•e, •J, AM - 1.8. t ±.. L, _ . o+..

19 56. 23. 172. 117. 17.0 191. A. 0.0

21 76. 300 172. 1117. 1'.1. 1l0. O. 0.0
22 06, 3!t, in7, 11.. 1.6.8 19_ 0 I . .A.. 0.0
23 96. 366 172. 1 S l5.1. 190. 0. 0.0
24 97, a•.6 I I1. t~s, . 0.2 AMn.__ a. LA-,.
2S 9g. 39. 173. 1L44o 13.2 19. O 0.0
26 99, ;•.9.L_ 72, 11164, fL illJ, do . L Or,
2? 1o0, se 2 172. 0 1145o 156 190. 0. 0,0
28 117. 146, 17Zj . i4m.1. A16,1. ijo. . amp29 Z114o 49. 17VO 11414. 16.6 192. 0o o.o

30 125t 4,1 1?., a 1 144@ ±LL ,kL - at Dan
31 131.. 53. 174.* 111.. 15.6 190. 0. 0.0
3. 114ho LINZ 1o*0
33 S3. 60a 171. 1143o 16.0 190. O o.o

35 162. 616. 16 1142, 15,41 191. 0. 0.0
35.. 162 64o 164 a, t1143 16*4 L90, Of coo

3? 161. 72. 168. 11.3. 17.0 094.o 0 0.0
i.3 ±il __[ P.L .X. • t11.3, 1. tk. o, o.O..A0

39 192. 0 ., 1664 142. 16.8 191. i0 .O040 02, j_1L.9. t•j 14ji, iso 190q, as .Jt .

41 Me10* . 163. 11.2. 16*2 190. of 0.0
421 2 , 8 . %2, 190. 1o 0.
43 2 0. 87. 168. 1140. 16.0 191. 0.

22 -.I _914 1669 11$0o 16.8 l. _ aos ,0
4 M 2 vie +i* 168. 1140. 14o0 No . 0. 0.0
46 239o 941o 167, 140o 1J,4 Ilan 1 0. q
47 Isl. 99. 165. 14.0. 16.4 IVl* I 0.0
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SECTION 10

RENE 95 COMPRESSIVE-ONLY STRAIN-HOLD TESTS

This section contains data for compressive-only strain-hold tests performed

on Ren6 95. Thld periods of or' znd ten minutes were employed at the peak

compressive strain and for one minute at a strain between the peak com-

pressive and zero strain levels. The data are presented in Tables 38 through

46 and Figures 58 through 77.
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TABLE 38

-...- - -... •F.L S SE~.S- - -

% 'T:-'NSIL , RELAX~r) C OMP %. .. R -.LA XED

S10 173, oo0 183.8 .3

"3 3 0* j I. • o 7 •0 0 .L * 469. 1 6 ,3 R
65. 31j * 4 , 178. 0.0 a 185. 16.3

r 75, 3E6*, tMq. 0 -0 184. 16..6• 1 •0 , 4b ,"31 1 "8 , a so Q 120a %2 5
"". * 1 5 T . 1il_. 0 . 3 _ $8 0. , 1 3 . 8
1 2 5 . 6 C * 3 9 1 . / o 0 . o 0 1 4 0 1 5 o• o
150. 72s'4, i ,.R 0 .1 179. .5.

III 16U. 77o24 178. 0.0 178. 12.5
1 " .8 0. 8 09. • 1 .75 .' 0 .a 76. 1 3. 8
± . £97. 95 .17 1 .4. J. O 175, £3. 8

,0 o 9 .6 o6 , . 1 7 3 o 0D a 1 7 6 9 t. i . e
1.4 204.s 98.s ,5 1,70. 0.0 1X6. 13 o8l '•, 2 J F 5 0 99 ,l eJ• r, q• . 0 .31,.t ,1 6 z 6 , 69 aZ 4 9.5 i 6 i 0 ,0 a1 7 8 , 1 5 0
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TABLE 39

s3ECINE1 it

I 4 TENSILE R~ELAXED COIIPRs RELAXED

1. 0. £60 0. 64. 10.a

4 3. 1 159. 0.0 1,~ 3.
5 is 7 .1596is .. as 166,.L. £63

15 7.0to 16±. 0.0 ±666 L633

7 40. 19. ±63. 0. 0 165. 1.6.3
a48. 23. _ L630., 170 s65

9 1. 29. £630 0.0 164. 16.03
~0.._ 1. _ 4. .163. _ . 6. 1.

it 90. 43. 163. 0. 0 16± 15.
1.2 L 0i1 48a 163. 0 ..A 1 6±. _1.
L3 L12. 54. £63. 0.) 16 0. L5.0

Is 16 ý 77s 161. 000 158. 12.a5
16 __15___7. 1£,00 18. _38

17 17a0. 81. 1619 000 158. 1 5.0
10__±66 84.o 161. cooi 156. L308
19 182. 87. 161.co 0.0e 1L6 ±2e5
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TABLE 40

-..... mm.m STRESSES-m- a

I N .. TENSILE RELAXEO COmPR. REL'Off

_____ _ _____.... .. 179, _. 0.0 1831 8.8
3 3. 1. f79. 0.- 83. 10.0
4_ 4... . + .... 2. Z 179, ... ... .. 0, 8 ... ... .8 8... .

11. 5. 179, 0.0 183. ±0.0
O 20. 9. ±0, 0.0 1,836 .. 0 ,- 7 4...... 0o .... • •. .... o o ..0.0 18±. " 1.3 ....

S54 2. ...... 6 .,, .. 80: . 18fl. 12. 5
9 70. 32. is1 0.0 178. 11.3
S .. .. 89,. 41 ., 80 ,. * 0,0 . .. 3

11 08. a 90 LD 180a 0.0 i75 s0.0
2.- .13 4e, .6t, I8 .6. ..... .... A t ..k.... 17.4 1.1,0
s £•43. 65.. . .. 0 17 3  1 0.

1M 183. 04. 178. 0.0 17±. 1L.3
12 192 4 9. 17, 0.0 17 - 2 (I
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TABLE 41

----- -STR ESS S-- -

I N TENSILE RELAXED 'CQNPR# RELAXE3

1@ . . 150. 0.00 10SO

5 5. Is lrQ0. .0 169. 2.
66. Is 163.1 a a U __166e 0.
78e 29 1656 0. 66. 7.5

1 3e 3. 1.65. 0.0 a 66* 7.5 -

9 28. 7. 165.i 0. 65.e ?65

1£. tuG. 24 ± 0.0 163.0.
___25 .30. L6.0. _______

03 £5ý* 36. ibse Be0 £58. 6.3

15 250* -61. 1659 00 0 1i56. 7 t5
L16 2_ IS:. 67. £65*.D 0. ±s55 7.5A
17 350'0* 85. 163.-0.0 1. 6,3
18 380. 92. _ 161. 0.0 _£5.3 6.3
L9 35 9. £0.0.0 £55s7.
20 401. 97. 159. a*.0 £54. 7.5
21, 405. 9as ±58. 0.0 £s55 ?O5

-22 1. C9 15.00 1.75
23 411S loot 153*. 0. £55.s 500

25 '.1.3 Ct., £50. 0. 0 1L56. 7.5
26 614. 100a 143. 0.0
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TABLE 42

SPECINEN 1I3

-...... STRESSES ~.e....
I N XN TENSILE RELAXED COMPR. RELAXED

.I D i B;.0 .. O 155. 2.5
2 2, a. 155, 0 u 153. 2.5
3 3. . 155, a'0 153. L.3

_ 4...... 11. .. .. • ..1 155 . .. . 15. l 10.3
5 13. 2. 155o B 0 151. 2.5
6 30. 4. 155 ....... 0. 150. 2.,5
7 40. 5. 155, 0 . 148. 1o3
a8 41o. 5+ . $ _ 05,a 149. 2. 5
9 59. 1. 155, 0.0 148. 2.5

11 125. I5. 155o 0.0 145. 2.5

12 191. 23. 156. goo 144o 1o3

13 240a 28, 1560. 0,0 1' *3 1,3
14 304. 36.o 155. 00. 141o 1.3
- 5 3" -, 'i .....56 0.0 .... 1.3
1 ... j. +. . .... 156. ... .. 0 140:2_ 05 .
17 5400 64o 156. go0 1390 205

s8 . . 560. 66. . 156. _ .. o 138, 3
19 •81' 69o 155, ,O 13, ,
20 383. 81o 154: 0.0 138. 1.3
21 72 0 85. 1b3. a.o 138, 2.,5
22 . 75 o. 89. - 1 ,. . ... 0. .0 138. 2.5 ....
23 777. 92. 150. 0.0
24 8160 960 148b 390 139* 2o5

6 925o. 98. 1185 0.0 1430. 3.8
26 35.S 99. .145. 0.0 143. i2.5
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TABLE 43

-- e-- .STRESSES-ý -----

.4 Z TE14SILE RELAXEDCMP. R~AE

L. is 0. 121. 0.0 125. 00u

3 3. 0. 128. 0.3 121. 0.o
4 26 As 1260---- 0.0-.. 1..43

5 70. 2. 1Z5.0 0.0 a 1230 0.o
6 98. 3. 125. 0. 0 1249. 0.

2 20. -10. 12 4. 0. 12 0.0a
120. 39. 124. 0.0 - ,12.4. 0.0

9 139 44o 125.0 0.0 124. 0.o
.-O 15 0 1. a 49.9.. 25. ,3.a

01116. 55o. 125. 0. 0 121. 0.o
18 5 0...60.o.. 1. 26.. _ Ot....... ..12t o_______

13 2522. 82. 1250 0.0 1214. 0.0

1s 328. 98. £24. 0.0 121o]*
3054o..-.- 99 o - - 125 3.1

17 33690 99. 130. 0. 0 12 10.0

19 3a83. 990. 1330o0 12.".

21 i' 3386....Ic 00.- 1,3. 0.0 131 0.04 La
202 3084o 100o 13.00 133. 0.0

21% 33690 100. 135. c.0 135. 0.0
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TABLE 44

SEIMENM 222

"Wft in.. STRES SES -- -- ~--
I --V %N TENSILE RELAXED 'comPk;R-ELAKEO"

9 ? 30 bas go 19,$
2. 16,I,... -*..

721. 9. 169. 0.3 165. 5.0

38. 17. 172. 0.0 1634 sea

11 53. 24. 172. 0.0 160. 4.0
12 $so-,j. 25. - 173. _00 go 16.-I 6.00

136. 28. 074. 0.0 &;4 5k.0

IS 70. 34. 104. s. Do5a. 4.0
Z6.... 85. 36. 7.00 ~ 7

17 87. 39. 076. 0.0 156. 6.0

1149,. 17Bf so. In goo~_ 154. 6.0
12) t11. 50. 17,6. sea±4 I.
11133.- 59.,.. 76oo.. 0. 1524. 5.00

22 t148. 66. 1 ?6 L 0. coo 1.0-bo

24 163: 73. 116.a_ 0:0 153. go0

26 to0. s0. i76. 0.0 152. 3.0
±89. - 4. ±76. . 1 5" -is3. 4.0

28 L97. 88. Ors. 0.0. IisSa
29 204. 91f 174a as.0 151. 3.0

____ 2.12-. 93.. . - ±72. ,l .- 6 0.0 151.03o0,
31 219. 98. 170. 0.0 152. $.0

;v3 220 98., 166. coo 152s.0

33 221. 99. 16. .Q Cf.- 9.0
-34 L2?-L 9o 0

1.39
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TABLE 45

SPECIME4 4L

--------------ST ,E S S ES-.- ---."- ..........
1 4 . N TENSILE RELAXED COPR. RELAXED

t G. o 150, 000 15MI. 5.0

3 3. 1* 151. 00 a ± 41o 11*3
V. 1_ .__1 53: 3*30 143.50

5 5. 2. . 0.o o 1±40o 13.8
6 8. 3. 155. 0.0 135. IZ.5
7 1it 4. 156. 0.0 134. 1.2z,
8 .. 5L . ... 5. ... 133. 15.0
9 17s 6, 158. 0.0 130. 13*8

2 .o. 7 .1590 . .0. . 129. . 3.8
1£ 26o 90 160o 0.0 126. I.1.,3
£2 __ 29f. .. 10. 160 00. . 126, 13*8
£3 38. 13. 1600 0.0 ±25. 13o8
14 44s.. 16o _ilo GO 124. 3,8
15 56. 23. 163. 0.0 123, 13.8
_6 686. .24. 163a 0.0 o 1±. co 13..8
i? 78o 28s 1646 0.0 izo± I3.8
t8 95. 349. 14.O... :19. 12.
19 122. .3 165. o 0 1i8l 15.0
20 .39, 9 49o 630 0.0 1±9. 1.3.8
21 .. . 52. ±63. 0.0 1:8, 13.8

S.. la.... 1.9.... 60. 165, ao_ 116: 15,0
23 .2 Ga 78, 1650 0,(h 1±5, u5,I

_.24 _. 250. 88. 1 630 . .. 0.0 o.5 .. 15. 0
25 2655. 94. 161. 0.0 115. 15.0
25 "68. 950 160. O*o 1±5. 15.0
27 274• 97o 158, 0.0 116. 16.3
28 280. 99. 156.. 0.0 119. 18.8
29 283. 100., 55. 0.0 ±8. 1.,0
30 284a. ICO.. 15 . O;O _ o 120.
31 285. 101. ±50. 0.0
32 286. iio 148. 0o3 ________3

33 8t34
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SECTION 11

RENE 95 TENSILE AND COMPRESSIVE STRAIN-HOLD TESTS

Tables 47 through 59 and Figures 78 through 103 present data on the

tensile and compressive strain-hold tests on Rend 95. Equal and unequal.

hold periods of one and ten minutes were used.
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TABLE 47

2 2. 4o ±o 1. 194. 19e3

6 12. 8. 1840 27.3 198. 21.8

$ 1O. Lis 163. 30.0 200o 22.5

10 26. 17.0 163. 28.0 198. 21.8

12 41. 26. 183. 28.8 199. 18.8

14 67. 43o 1.83. 30*5 198..

16 106. 68. 1800 31o3 196 24.2

18iK 4 9 27.8 196. 24.2

20 13g. 8?. 178. 30.0 19l.o 23.8I
22 140. 90a.t 1760 27.5 194o 20.00

24 19 Go 96. 176. 31.3 194. 25.0
26 155. 99. 176. 31.0 195, 21.3
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TABLEl 43

2 2. 1 173. 8.A LBO$ 603
3L.jLJ~. 1A JaLZ...
a, 13. 5. 174. 28.8 186. 13e6

*03 63 2.071 1. 168. 1603
9±0Z.42-l.jLZ-i L I I 6L.-AsL.
1 32. 25. Me0 18.8 163. 12.5

to 02 LL.. A7M 1700. 8 Laos 6.3 120G.L.

12 198. 83. 166.e 2000 183

Lii 227. 95. 1W5 20.0 180. 13.8

16 236. 99. 168. 20.0 1et* 15.00
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TABLE 49

____ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ SPEC.IMEN 32

-a-.em..am-aSTRESS ESa.*a..w~

IX N TENSILE RELAXED COHPP* RELAXED

2 2. 1* 1~. 3.84 170. 38
3 3. _._163o 6.3 169. 2.5
4 4. 1. 161. 7.5 171. 2.5
5 So If 160.- 7.53o 6.3
6 8. 2. 159. 6.3 171. 6*3

7 10161. 8.8 iyq
~5a Iris 6. . 11 7.5

1028. 8. 159. 10.0 04. 5.00
It 4 7 o.. _1 ! j6_A.0 14*. 0
12 4. 1391 6 Me.3 1.73.
13 $2 9.j5,_ __A4,~ 4A_

Is 53. 315o 166. 11g3 1690 05.

16 126. 35. 1375 19.6.3

18s 1 3 9 .* 1 .10 0 1 73 . 1*

20 150. 42. Isis 1.0.0 I71s 6.3

22 160. 45. 151. 10.0 173 7#5

24 249o 70. 150. Lobo 166. sea

26 269. 75. 148. 8.8 168. 6.3
28 303. a5. 146. 6.3 155. 8s8

30 318s.89. 148. 12.9 166. 7GS

3i2 342. 96. 144. 10.0 16'.. 6.3

34 348. 97. 140o 8.8 115. 7.5

36 I 13357o 1,0 I30g10. 165. .
3?___ 31 1LA,_~t 25 16.2
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---- ---- ---- --- w4.

~ I TABLE 50

- -- --- -- -- TRE.S SES a- -

~L~J .. ~X?. -TEN{SILE _ftELAZED,_OQflPRt .-RELAXED

2 2. 0. 14e3o L.3 151#0 1.3

4 4. 0. 1440e 3.8 153. 1o3

6z 1a_23 41. . 156.0-.

£0 00 Sg* 135. 2.5 159. 3o6

12 150. 16. 138. ?a5 156. Soo

1.4 lose 20o 135. 7. 16 6.3

16 350. 36. 13'.. 6.3 Is55. 2.5

18 54*9 57. 133o 5.0 I53. 3.6

20 725. 76. 133. 7.5 15O* Soo

800.cc 83. 130o see 1sl. 3.0

24 845. 8 125. 5.-13.-5

26 897. 94o L25. 7.5 1490 Soo

28 932. 97. £20. 10.0 150. 7.5

30 9470 99.s 108. 7.5 153. *

32 949. 99. 106. 79S 1500 7.5
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TABLE 51

-- ______ ~SjCI CMN -I.

I N -XN .- TENS.ILE .RELAX.ED .CO.MPRe -R.ELAXED

2 13.3.2 133. 2.5

'4 4. 0. 133. 6.3 135. 5.00
5 7' 10 130. 3.8 136. 5.0
6 ISO 1. 128. Soo 135. 5.0

7 24 - ~ J2o, Me0358
a 46. 4. 125. 5.0 137.o 4.0

1c 220. Is$ 123. 6.3 M38 6.3
11 3.05. 25.* 121k. 6.3AA- 136 59
12 U360 36. 120. 6.0 1361 7.3
13 5 25. 4 3,.,t ....... ~ 135p __

14 600. 49f £20o 7.5 135 7.5

16 755. 62. £18. 6.3 134. ye5

18 850. 70. l18. 7.5 133 ?a5

20 9450 78. 116. 7.S 133. 7.5
22 1049o 5b. ±15..i 7.5 M3e 7.5

24 1115. 92. 114e 7.5 130. yes
25 0....2. 13. . 30 i, .-

26 1145. 94o 1III, 8.6 £30o 8.8
7 1153. 95 110 8.8 Me~ 608

k'28 £165. 96. 108. 7.95 130 8.6

1180. 97. 105o 7.5 130. 8.8

32 1188. 98. 101, 7.3 130. 8.$

q34 11970 99. 98. 795 £30* 8.8

36 1205. 99. 91. 6.3 1-29 yes
-9 kt1t- JLO-c- iM t fi*L 130: h
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TABLE 52

SPECIMEN 15

....... .. S T R E S S ES-.."---

I N %N TENSILE RELAXED COMPR, RELAXED

S1. 0. 128., 1.3 138. 11.3
2 - - 2.j,. .... a & -. ...13 0 a - -. 3... •,8--... 12 . 2 -s5 -

3 3. 0. 130, 3.8 129. 2.5

5 10. 1i 125, 2.5 133. 265

7 18. 1. 125. 5.0 135. 3.8

9 319, 3. 1249 6.3 135. 2.5
- 1 ... ... 745. ..... 6. ....... Zx ... .....6o .3.... ... 3 6 .___ __i .&a _

11 105. 8. 1;21. 5s0 1360 3.8
..12-.. ... 11.2, .. .9 .. .. I O ... .. 3 8. .. 3 ,Z,. _

IS s 1,,0. 1 .l120, 3.8 1369, 2,5

15 370. 29. 119. 6.3 138. 3.8

17 420o 33o 1M0. 6.3 136. 3,8
_.IB ...... 8, ..... , ..... 19, . .. ...£ £ , 3_ __ .36, 5,L L _

19 563o 44s 118. 5.0 136* 3.8
-5 6 .9.&.•. -4-4, 11.9-.t -. 5 f1i3 . 5 , --

21 7z5: 56. 1i8. 6.3 136. 6.3

23 3l74, 76. 118. 7.5 134, 5.0
_Z-4 -. ... 10 00 .-- ?..5.,+ .. ... 116, .. .. . ,3.- -__ 35.- . 6, . .
25 1025. 80. 118. 7.5 135o 7.5

_- .-- 1 8 134, .05
27 1240o 96. 120o 8o8 135* 8.8

-. 21- -- IZ70. 9.9_ t- .12.0 a8_.s $.. 136, 6.3
29 12 ?-8* 91* 1209 t0. 0 138o 705
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TABLE 53 29

----- STRESSES---ý----
4 IN TENSILE RItL&X&O COMMP. REi.AXEO

I ~ a- 1 26. 106. 0.

3 3.. o. 105. 0.0 Ili, -2.0

5 5. so 1is. -2.0 116.e -1.0
6- 6. at 108. -2.0 116. -SO

? 13. 0. 109. 0.0 117. -106

I 1S. so 108. 0.3 116. -1.0
is 23. g. toss 0.0 117 -10.
It 33. 1. 107. O.J 118. -Z.6
It., 34o. Is U66 0.0 119.
13 35, t. 105. 400 120. 0.6

is 52. to 104o. 0. 0 120. 0.8
1b 12.6 1.a 134.. a aJ 121. Dog0.
17 131. 2. 102. 0.0 1.22o -1.0
Is 20.2. a. 1az. 0.0 123.- 0.0 a
19 391. 6. 101. 0.0 124o. 0.0
U6.-.. 4.60- 9. 100. .0
21 5804 11. 99. 0.0 122 0.1
22 12345. 23. 98. 0.0 IV2a'..&
23 1236f. 29. 96. 4.0 12'.. 0.0
21. 1255. 24s. 98. 0. 43 ~ .A6
25 1512. 29. 100. 0.0 126. 0.00

27 1701. 32. 99. 0.0 a 125. 0.0
25 2160. 4.1s 98. 0.o 1266..-.. &fl.1A
29 2177. 4.1o 97. 0.3 127. G.6
36 2199. '.2. 99. 0.0 125... .0B....
31 24.35. '.6. 102. 0.0 121. 0.0

35 ._2577o.41&-- 101 0. 127i__ v. 046-

33 2552. 1.8. 1O0. 0.0 124. 0.0
3S. 2575. '9. to6. 0.0 £28.....D0..
36 2625. Sao 94v. 0.0 129aS.. A .0.
3?38....01. 78. 94o 0016, .0... 0
-37 3820.1 72w 968 0_.0a 126. _ 2AL
39 4.122. 78V 933 $to 129. 0.o
4.0 4L'.23. 786 92o 0.a0 i3o_ a- atf.U
1.1 .150. 79. 9'.. 0.0 128. 0.0
4.2 4b4-.9. 88 91. 0.0 i3. .. 0... a.&.
1.3 4.71.8 90. '3?. 0.*0 128. 0.00

-4-4 __A.~$ -908.-- 930. a&- -1...31 - ALD
'.5 '.805 91o 90. 0. 0 130. ale

4.7 4.9519 9'.. s8e 0.0 132. 0.0
'.8 5075 96. 5 7o 0.0 13a.. -0.9G.
4.9 5151. 98. 86o o.d 132. 0.0
50-. 5163. 980..-- 808. i.0

51 5225. 99. M s'. 0.0 132.... 0.0..

53 52140.o 99. 688 0.0a 131. 0.0
54. 52.9. 99o 93o 0.0 a 3...... 0.-as..
55 5258. 100. 103. 0.0 132. 0.0
S6 5259. too. 10'.. a 0.. 132.z 0.0
5y 5260. 100. lose 2.0 131.. 0.00

59 5269. Its* It7. S.0 11.5. 3.0
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TABLE 54

SOECI9MLN 28

£ ZN TE',SILE RELAXCD COPR,. RELAXED

1 1. 1, 173. p7.5 185. 31.0
20 20. 1T5. 0 lose 3.03
3 3. ;. 176. '3.6 189. 38.8

5 5s 4. 178. 45.0 1900 42.5
- 6. 5. oes 5•7S-- j•. 13,p

7 7. 6. 179. 47.5 191. 45.0

9 9. 8. 180. 50.0 191. 45.0
aU ice 90 tace 50 a 1.91. 4to0lie 11 Ue 1630 51o3 193a 4705

" i° ? ia to lac i-. 52S 193, t•6,
13 17. 15. 130. 52.5 194. (46.3
1' :~8. Mo 1950 ~ 1 9
1 Zo. 170 180. 55.0 195. 48o8

17 34, 30. 180, 55.0 194. 51.3
i _ _ _ 4. _" as !Igo _ __ _94o _ _a.aa
19 52. 45. 179, 53.8 193. 47.5
-20 a0o •, i". I6-3 - o r931
21 70. 61. 178. 57.5 191. 51.3

23 86, 75I 1716 56,3 190. 52052• Isr . fee t•6 Me;•' tire i -no
25 90. 78. 176. 58.8 1900 52,5

27 100. 87. 175. 69.0 190.. 52.5

, 29 11i4 99. 173. 55.0 190. 47.5

II
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TABLE 55

SPECIMEN 31

_ _ .. . ... --- STRES SES ---- "
I ZN TENSILE RELAXED COMPR. RELkXED

3I to to 1V560 28.8 168. 30.0
---2 ,__15, -- S. 3 dL 65- In. a_

3 3. 2. 3.58. 4.0o0 tr. 35.0

S9. 5. 158. 45oU 173. 40.0

7 21. 11. 160. 48.8 173. 42.5
L .2 .80 ._.± •-L .... .59- i. ... 8t- J73 - ta..

9 W.0. 20. 159. '.8.8 173. '.1.3
1-0 .5G. a- 2 5 159...... .4a8,8.....____
11 55. 28o i6n. 50.0 170. 43.6

•1 . . 8 ..... 29 .... 1 5 9 ...... 4•8 -•.&.. Z1 . ____ .- -

13 70. 35. 158. 50.0 173. 46o3
iL j23,3, _ L,,_ _5g ....4~ I ,.Q..
,5 7,5. 38. 158. 47.5 ±70o 36.3

.. . 80.. 40. 160, a . 50 4. 71
17 90. 45. 159* 48.8 170. '.2.5

-..18_ .. . 11 5s- 5_ 8 • ... 160 a ..... 51 3. . 7O .S .Q_

19 120. 60. 158. 47.5 170. 43.8
10- -. . 12-7 ... 4 _ _ -.- i£ E3.0 _ _ _ 3
21 135. 68. 158. 51.3 170. 45.0

.. Z -_ 14... a--- • . .70 .. .. 1 56e-- .. .... 5."L 3- - 17-0 ,, _ .-0

23 172. 86. 158. 52. 5 170. 47.5
__ 2 .... £10.o... 90g ..... A59,..... 51.._.±i0.6.__j53~

25 183. 92. 160. 57.5 170. 50.0- -2 6 .1 9 0 , S__I s a _ _ __ •5 -& 3 1 7 t .1 3 9 , 0
27 195. 98. 158. 51.,5 1730 50.0

_ O.. .196 ... 9 8, r.. 1. , . . 1 3 _ t7 .•E,
29 197. 99. 1559 60o0 175o 51.3

i*
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TABLE 56

..--....... ST tS SES?.----....
. % ZN .iESILE Rt"AXEO CONPR. RELAXED

1 1. 0. 160. U9.3 16.4. 4.0
_ a - a . .... 1606,.. 2. a 17.0•_.

S2 3. 1. 159. 180 167. 11.0
! _4..... 4** 1* 166s 23,0 -- 169,--- 3&0 ,O- .-

11 S2. 9. 150. Z3.0 167. 93.0t , ~~__6 .. .9, 2. 658 _ 2 0 -Z O 169 . ... _. _

17 I5. 3. 154. 22.0 172. 10.0

2D. 0 ~ A. 21.04L 1L.

159 960 0. 152. 22,0 174o 14.0
.__10 .. .. . 7 ..... 152 .. 2 s 0 .... L T% -..... -

17 02: 2. 1950 2340 174. 13,0
__12 .. .. 53a 12,. 150, ... ?2 ,0 _ .... i7k_4& __ _2000-

19 590. 23. 145. 22o0 1754 15.0

_lk... •]....2_6 , t.9AJ.23jJ__--_i4, L..._

2£ 91 20. 1426 23s 0 174o. 3.0
__. ..9 . . 31. . 2__ 1, G - 176, .1 -.

17 10:3. 236 1504 24.O 174o 13,0

_ .7... .. . .... ....1 ...... 24.0 17._,_ 4

25 20 222. 49 14'9, 24, 176. 14,0
28_.0 -. 266,__. 5. __....... ~23.fl.177.i,..._._.0

!21 141a 3i, 146a 23o 0 17be 13,0 a,

23 263. 36. 14.2 2490 176. 1.290

25 2220. 790 144 24.0• 176. 15.0

________________.__________,___,_____ • *.1S27 256s 5 6, ýi42. 2. a 76o i•.o
~- - 8.__ 2 6 a 5.8 J, 4 1 -1.3 o _7__ _ _ __I_

129 320a 700 4,O 0h s 40 176o 15 *

31 364. 80. 140. 26.0 176s t6.0
.3 . 391, 0___iL2D 76, j,.
"33 4012. 88, 136a 24.0 176. 16,0• ,25.. . ... Z.. . .. . . .
35 41.8. 92, 135, 24.0 174. 14.0.•,~~ ~~ ~ ~~~ .. _ 3.. o..••.... 9.3-a .......... I•• ... 23.. ...Is-.,_ • J.., _

37 _1 _23. 94. 13:2. 24.0 174, 14.0

39 435. 96. 128 174o 14.0
4_ . 4 0..... 9 7..... 4 J G..,.

41 44S, 96. 118. 22.0 173. 14.0
t• _ •2 i '6 .. • L _ gL.. - £11 7 _. __ _•.A ) . ...I Z A?.. ~ lk . .o

.42

43 4Sto g9. ¢)6° 16.0 Me. 1S.
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TABLE 57

----- STRESSES -------
4 i N YtESILu RftLA X C 'OCMPý. RELTEX~O

2 2. D. 146. 6.0 106s. 0.0
3. 0 .- 0 11.5 5 .T 5 00 Its

4___ 4. 0. 144. boa .0_ 18.6. 0.0
5 5. 1. 144. s.a A..80.
6 9. __ 1480. _ i~ __6J L9o 0.0
7 16.- 1. 140. - -7*.0 ' .
S___ 11. 1. 140. l0.0 1!20 0.0

9 20 t. 136. 610 1!;2. go
10 20. 0 2. -1 36. -_ .So V;30 0.0

r12 -- 31.__ 3. 133. _ 6.0 15160 1.t

14. 5. 5. 131. b.0 1'i5. 1e0

16 - 74.6 G. 128. 7.0 Is .7. lo
17i 75. so ;27. sea is&9. 2.0
I?-8__ 180?. 91. 126 8.0 a- 0 3.0

20 18 4. 19. 124. 9.0 lf600 Soo
21 19§5.' 21. 12 3 a R. Y U.l
22 FO.6* 2 C 122. 8.0 if-2* 5.0
24 5 2: 27. i.23: 10.0 112: 5.0

26 314 .3 33 121. 11.0 163. 5.0[__ ý11 6 -I 2 .Ik60 - 46r fd,1 4.0
28~ 4~ 461 120-;s, $t- 06 o

30 4 6 7: 19 120. 1 2.0 1~o3o 5.0

34 511 72. 16. 1. 16e ts..l~ 4.0

k. 786r3. 115. 13. 0 15: ?

~I 16 -1 16s 6

32 14 0: 798. 114. 13.0 1 1S5. ?.0

43 14 9 t 126 16u 12 .0
36-- 510 7 98 o £114e 16.0 V54 6

926 9?83e 1140. 14*0 162. S.o
-4A- '6 - 16- 457 1-9f 65 1 - t .6_

W, 910 9V a. 1108 14.0 161. 806

46 r.. 99. Ito. £4.6 1W.o 7.6

*LA
t~se 9`44 in% 14* 16L $t
9 3 T_ _ 10 -0" to

re 94. J 0 140 161 To
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TABLE 58 26

----------------------------STRES3SES ------
1 4 X/N TEISILE RELAXED ZOMPR* REL~kEO.

I I, 0. 166. 5!.0.....65* 5.0
2 2. I I. c.~4 7.0 168. 10.0
3 3. W .I 1I5.s 9.0- 166s. 1? 2.0
4 4. 1. 165. 9.0 a 168. L0.0
5 5. 1. 164oB a. 168.
68. 2. 165 11.0 167. Lit0

7 140 4e 1'66o 10.0 166a 130.4
8 19* 5. 165. 11.0 166* 13.0

92e 7. 165. £2.0 1669 13*0

12 41. 12. 166. 13.0 165. 123a0

14 364. 1. 166, 13.0d 164. 12

13 468. -15 _9.3 k- 1*

16 69s 20. 1656 13.3a 164. 1.4,0

.17 85. 24. 166. 14. 0 162* .jL
18 95. 27o. 168. 16, 3 161. 12eg
19 -118. 34s 167. 15.00 160.
20- 123., 35. jC,76 15. 0 161. L5,0
21 128 37. 165. 16s0 1,60. g
22 133. 38a 1 F ., 16.3 160. 16.0
.23- 1610. 464.......1...LJ 16iss
24 166.6 48. 1 (ý5* 17.a0 161. 1 .0
25 170 5It 169 .d ljlj-1o
26 ? 10. 0 0o 168. 17?.03 158. 15.0
27 220. (03. 1680, js 156. 15%0
28- 248. ?i71.t i 1*8 1 a. 56. £4.0
29 256 72. 1t~8. 000 1550 15.0
30 259. 74, 168. 20o.3 1566 16.0

31 ~ 70. 770 161 16. j*0 4
32 2800 80. 164. 16.O 1570 16.0
33 291 !0 3: 16:I 00 157. 15.0t

34 1 87 1 157.i~ 16.00
15 313, 0. 1u2. -7.0 a 57. 16.0
36 324. 93. 162. 15.10 154. 16s0
37 3 15 96 1 154. 1799
3: 341. 96. 164s 18.0 154. 18.90

39 345# __9___

40 346a 99t 1590 t9ea 156. 16.0
41 3 47. 99. t5CG. 17.0 156.o
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4XN TC~~ IQ BAXi M

2 2. a. ±146a 21.0 t.46, 2.0
4 1 1- 1471 4b 3

4 as 2. ±145o 4 J 14ýs Sao

6 20. 4. 148s 66.a 146o 6.00

a 30L 66 16o 0 14ge a

1268. Is, 1600.o 143o

14 90. ±9# 1~0 SoaO,0 iA.20 8o0

lb 16 220 26. 148, 1.0.o0 144a go0

l8 1950 33. 149s 1140 ±42. 9.0
It-.. L.. E-7..&m. -. L. 3- A- - ii a ... a

22 20.4,6 44o 152. it* 0 140a. 6

26 28a0 1 60. ±0, a1ie0 0~9. ±1 0aV . 313LL UAioi LLk- UA o
28 37?3. 8 0. 11.9, ±0 140, 13.0

30 39. 4oi . 8 6 141 L , 1~3ia. 11 0 0

32 4.22o 91. 15o 8.a 0I~ 1$46 13 40

34 4413. 95. 144o ~ 2 0 0 3Me 13.0

36 454o 98. 140.o 1310a 138. 1300

386460.9goo126. ±0 1* t41s 13.0lb, ..ULJ..iW
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SECTION 12

AF-115 DATA

This section contains data for AF-115. Tae data ate given in Tables

60 through 65.
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TABLE 60

TENSILE COMPRESSIVE
STRESS STRESS

SA14PLE CYCLES (KSI) (KSI)

2-1 40 139.92 -81.84
60 138.92 -83.83

100 137.52 -84.13
180 137.13 -85.43
260 137.01 -85.40
340 137.72 -85.03
420 136.81 -0.J.83
500 138.52 -84.59
580 137.76 -84.23
660 137.60 -84.20
740 136.53 -85.03
820 132.93 -87.62
860 123.75 -9a.62

(Failure) 883

I
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TABLE 61

TENSILE COMPRESSIVE

STRESS STRESS

SAMPLE CYCLES (KSI) (KSI)

2-2 30 136.00 -36.40

64 134.80 -39.20

104 134.00 -39.96
S184 133.40 -40.00264 133.00 -40.04

344 132.80 -40.40
424 132.84 -40.20

504 132.68 -40.50

584 132.72 -40.32

664 133.40 -40.38

744 132.60 -40.80

824 132.64 -40.52

904 132.40 -40.40

984 133.20 -40.08

1064 133.80 -40.00

1144 134.80 -39.60

1224 135.48 -38.80

1304 135.80 -38.92

1384 136.00 -38.32

1464 135.60 -39.401544 135.52 -39.80
1624 135.60 -39.83
1704 134.60 -40.01

1784 134.00 .40,36

1864 133.20 -40.12

1944 132.40 -40.39

2024 132.00 -41.60

2104 130.80 -42.32

2144 129.20 -43.60

(Failure) 2153

190

. ....... .....



TABLE 62

TENSILE COMPRESSIVE
STRESS STRESS

SAMPLE CYCLES (KSI) (KSI)

5-2 40 152.59 -83.63

108 151.39 -84.26

168 151.20 -85.06

248 151.08 -85.26

328 151.39 -85.66
408 151.31 -85.98

488 151.08 -86.06

568 150.60 -86.65

648 149.80 -87.25

728 150.08 -87.05
808 150.20 -87.25

888 149.48 -86.85

968 149.08 -87.25
1048 147.81 -87.65
1088 146.81 -"8.25
1128 143.35 -90.12

(Failure) 1172 - -

I

19i1
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TABLE 63

TENSILE OTPRESSIVE

STRESS STRESS

SAMPLE CYCLES (KSI)

5-5 40 137.85 -13.15
93 136.06 -14.34

253 135.86 -15.14
135.58 -15.54

413 135.52 -15.16

73 135.84 -15.14
733 136.41 -13.94
893 136.25 -14.74

1453 136.30 -14.14
1213 135.86 -14.74

1373 136.45 -14.34

1533 136.06 -14.50

1693 137.45 -13,55

1853 137.33 -13.75

2013 137.05 -13.94

2173 13.5-13.755
2333 137.65 -13.55

2493 137.85 -14.342653 ~136.65 -43

2653 137.05 -13.55

2813 136.45 -13.94

2973 138.25 -,12.95

3133 138.45 -12.35

3293 138.65 -13.15
3453 138.84 -12.35

3773 139.12 -12.15
3773 139.04 -12.13
3933 139.20 -11.95
4093 139.320 -11.994253 139.32 -12.35

4413 139.04 -12.35
4573 138.92 -12.41
4733 139.00 -13.15
4893 139.20 -12.17
5053 138.25 -12.75
5213 138.65 -12.55
5373 139.32 -12.03
5533 138.45 -12.35
5693 139.32 -3.1.91
5853 138.92 -12.03
6013 138.84 -12.55
6173 138.73 -12.35

6333 139.12 -11.99

6493 139.16 -11.95

6653 139.22 -11.97

6813 139.28 -11.75

192



TABLE 63 Continued

TENSILE COMPRESSIVE
STRESS STRESS

SAMPLE CYCLES (KSI) (KSI)

5-5 Cont'd 6973 138.25 -12.35
7133 139.12 -12.15
7293 139.16 -11.95
7453 138.84 -12.13
7613 139.32 -11.99
7773 139.14 -11.96
7933 138.65 -12.55
8093 138.92 -12.25
8253 138.87 -11.97
8413 139.32 -11.95
8573 138.65 -12.05
8733 138.84 -12.02
8893 138.25 -12.65
9053 138.65 -12.07
9213 138.05 -12.35
9373 138.65 -12.03
9533 138.92 -11.97
9693 138A'65 -11.95
9853 138.60 -12.35

10013 137.45 -12.27
10173 138.25 -12.15
10333 138.27 -12.27
10493 137.85 -12.35
10653 138.45 -12.07
10813 138.25 -12.27
10973 138.27 -12.35
11133 139.04 -11.91
11293 138.84 -12.07
11453 139.04 -12.15
11613 139.06 -11.95
11773 137.53 -12.55
11933 138.25 -12.27
12093 138.69 -12.08
12253 139.18 -11.75
12413 139.07 -11.96
12573 139.04 -11.95
12733 li9.05 -11.07
12893 139.12 -xI.92
13053 139.23 -11.94
13213 138.65 -12.27
13373 138.96 -12.75
13533 139.02 -11.99
13693 139.32 -11.97
13853 139.12 -11.95
14013 139.40 -11.94

193

mt, • . - . . . ... . .. . .. .



TABLE 6'. Continued

TENSILE COMPRESSIVE

STRESS STRESS

SAMPLE CYCLES (KSI) (KSI)

5-5 Cont'd 14173 139.32 -11.95

14333 139.35 -11.93

14493 139.38 -11.92

14653 138.65 -12.35
14813 139.04 -11.90
14973 139.40 -11.98
15133 139.12 -12.06

15293 1.39.44 -11.55
15453 139.47 -11.97
15613 139.32 -12.02
15773 139.40 -12.00

15933 139.44 -11.95

1609f3 139.42 -11.97

16253 139.39 -12.01

16413 139.47 -11.93

16573 139.36 -11.94

16733 139.12 -11.97

16893 139.45 -11.90

17053 139.47 -11.92

17133 139.50 -12.02

17213 139.49 -11.95

17293 140.24 -11.55

17333 141.43 -11.35

1i413 143.43 -9.56

(Failure) 17433
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TABLE 64

TENSILE COMPRESSIVE
STRESS STRESS

SAMPLE CYCLES (KSI) (KSI)

5-7 35 141.95 -80.52

98 139.56 -83.54

138 139.64 -83.50

178 139.58 -83.52

218 139.62 -83.50

258 139.63 -83.50

298 139.72 -83.18

338 139.92 -82.78

378 140.99 -81.91
418 141.07 -82.50

458 141.55 -82.70

498 141.25 -82.55

538 141.15 -82.31

578 141.55 -81.51

618 139.96 -82.70

658 140.24 -83.10

698 140.29 -83.10

738 143.02 -81.51

(Failure) 763 - -

195
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TABLE 65

TENSILE COMpRESSIVE

STRESS STRESS

SAMLE CYCLES (1(51) ((

142.25-55.38

5-832 14.5-57.71
70 140.71 -58.02

110 140.51

150 14.8-58.310

190 14.0-57.231
141.98 -72

230 14.3-56.92

270 14.9-56.84

310 141.78 -56.56

350 14.9-56.32
430 ~~142.33-5.9

470 14.9-56.13

510 142.30 -56.05

550 142.33 -56.32

59014.0 -55.93

630 142.71 -64

No more data measured.
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SECTION 13

AF2-1DA DATA

Fatigue data for AF2-1DA are presented in Tables 66 through 85.
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TABLE 66

TENSILE COMPRESSIVE
0 1400F STRESS STRESS

SAMPLE CYCLES (KSI) (KSI)

2-2 33 142.84 -140.55

71 142.25 -140.11

109 142.4 .-144.9

170 141.47 -144.9

191A 141.38 -144.18

228 141.67 -144.19

262 141.06 -144.23

(Failure) 285 127.88 2.766
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TABLE 67

TENSILE COMPRESSIVE
STRESS STRESS

SAMPLE CYCLES (KSI) (KSI)

Bl-22 40 134.79 -122.07

80 133.60 -123.86

120 132.41 -124.06

160 131.61 -124.45

200 130.64 -124.06

240 131.61 -123.98

280 131.62 -123.66

320 131.21 -123.26

360 131.21 -123.26

400 131.23 -123.25

440 131.59 -122.86

480 131.19 -122.66

520 130.42 -122.39

560 129.22 -122.6b

600 127.63 -123.26

640 124.25 -123.28

680 109.34 -123.26

(Failure) 688 91.45 3.98

,1 41
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TABLE 68

TENSILE COMPRESSIVE
STRESS 3TRESS

SAMPLE CYCLES (KSI) (KSI)

2-8 40 129.22 -114.12

90 128.43 -115.31
140 127.44 -113.55
180 127.24 -114.53
220 127.32 -115.71
260 127.04 -116.50
300 126.84 -114.52
340 126.80 -115.90
380 126.44 -116.10
420 126.84 -116.10
460 125.65 -116.03
500 125.84 -116.10
540 125.25 -116.30
580 124.25 -115.90
620 123.26 -115.83
660 117.30 -115.88
700 111.33 -116.70

(Failure) 732
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TABLE 69

TENSILE COMPRESSIVE
STRESS STPESS

SAMPLE CYCLES (KSI) (OSI)

3-19 40 131.21 -95.63
110 128.83 -96.90
190 30.02 -97.61
270 128.43 -98.21
350 128.03 -98.81
430 127.63 -99.20
510 127.83 -99.40
590 127.44 -99.25
670 127.51 -99.42
750 127.24 -99.44
830 127.71 -98.61
910 127.08 -99.43
990 126.72 -99.45

1070 126.64 -99.40
1150 125.65 -99.50
1230 125.84 -99.40
!310 125.05 -99.52
1390 124.43 -99.96
1470 123.22 -100.60
1550 120.48 -100.99
1630 108.55

(Failure) 1640

II



TABLE 70

TENSILE .,OMPRESSIVE
STRESS STRESS

SAMPLE CYCLES (KSI) (KSI)

2-7 40 131.21 -64.02
106 130.42 -69.98
186 124.65 -71.17
266 123.86 -71.65
346 123.84 -72.17
4296 124.06 -71.61
506 123.26 -72.56
586 122.70 -73.76

F666 122.64 -73.96
746 122.07 -73.96
826 125.25 -74.35
906 121.27 -74.55
986 121.47 .75.15

1066 120.48 -75.55
1146 121.07 -75.15
1226 120.87 -74.95
1306 120.68 -74.16
1386 120.60 -74. 75
1466 119.88 -75.55
1546 119.48 -75.52
1626 119.68 -75.75
1706 121.27 -74.79
1786 119.70 -~75.54
1866 119.28 -75.57
1.946 119.56 -75.15
2026 119.36 -75.13
2106 119.32 -75.55
2186 119.70 -74.75
2266 119.22 -75.60
2346 118,89 -75.75
2426 118.69 -75.59

*2506 115.31 -77.53
2586 111.33 -79.20

(Failure) 2666 81.51 -85.49
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TABLE 71

TENSILE COMPRES~SIVE
STRESS STRESS

SAMPLE CYCLES (KSI) (KSI)

3-24 40 130.42 -54.8
147 127.28 -56.46
227 127.24 -57.65
301 126.84 -58.25
387 126.44 -58.85
467 126.24 -59.24
547 126.04 -59.17
627 126.02 -58.85
707 126.00 -59.05
787 125.84 -58.89
867 125.84 -59.40
947 125.65 -59.05
1027 125.63 -59.52
1107 125.45 -58.85
1187 125.25 -58.65
1267 125.25 -59.56
1347 125.13 -59.48
1427 125.05 -59.05
1507 125.25 -59.61
1587 125.21 -59.48
1667 124.45 -59.64
1747 124.29 -59.65
1827 124.25 -59.72
1907 124.06 -59.56
1987 124.06 -59.64
2067 124.05 -59.63
2147 123.98 -59.65
2227 124.33 -59.60

2307 123.90 -59.63
2387 124.06 -59.61I
2467 124.45 -59.48
2547 124.33 -59.62
2627 124.07 -59.72

2707 123.66 -59.64

2787 123.76 -59.63I
2867 123.82 -59.65
2947 123.74 -59.60
3027 123.46 --59.72
3107 123.34 -59.80 '
3187 124.06 -59.54
3267 123.46 -59.96
3347 123.26 -60.44
3427 117.22 -66.09

(Failure)
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TABLE 72

TENSILE COMPRESSIVE
STRESS STRESS

SAMPLE CYCLES (KSI) (KSI)

3-25 40 123.26 -63.62
80 123.66 -63.82

130 123.65 -64.24
210 123.26 -65.2].
290 123.06 -64.89
370 122.86 -64.81
450 123.66 -64.02
530 123.14 -64.93
610 122.47 -65.01
690 122.66 -65.21
770 122.72 -64.51
850 122.94 -64.81
930 122.66 -65.01

1010 121.47 -65.73
1090 121.67 -66.00
1170 122.15 -65.69
1250 .K.7-65.21
1330 121.67 -65.41
1410 121.27 -66.60
1490 122.07 -67,61
1570 1.22.66 -65.41
1650 123.26 -64.73
1730 123.25 -64.33
1810 123.27 -64.81
1890 123.46 -64.21
1970 123.52 -64.22
2050 123.43 -64.77
2130 123.18 -65.37
2210 122.74 -65.69
2290 123.06 -65.21

¶2370 123.18 -65.01
2450 123.26 -64.41
2530 123.18 -65.33
2610 122.82 -65.41
2690 123.24 -65.21
2770 123.26 -64.41
2850 123.46 -69.33
2930 123.44 -64.61
3010 122.94 -65.37
3090 123.14 -65.21
31.70 123.13 -65.21
3250 123.26 -65.10
3330 122.47 -65.81
3370 119.28 -70.78

(F~ailure) 3385
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TABLE 73

TENSILE COWIRESSIVE
STRESS STRESS

SAMIPLE CYCLES (KSI) (1(51)

2-1. 40 126.44 -51.89
116 125.05 -53.68
196 124.53 -54.27
356 123.66 -55.27
516 124.21 -54.87
676 123.58 -55.63
836 123.06 -56.25
996 122.86 -55.47

1156 122.66 56.96
1316 122.07 -53.48
1476 123.14 -56.46
1636 121.47 -57.85
1796 122.47 -57.42
1956 122.94 -56.26
2116 121.67 -58.45
2276 122.27 -;7.65
2436 122.66 -57.65
2596 122.86 -56.86
2756 123.26 -55.98
2916 123.26 -56.47
3078 123.28 -56.10
3236 122.94 -57.65
3396 123.22 -56.46
3556 123.06 -57.26
3716 122.66 -57.46
3876 123.26 -56.06
4036 122.43 -57.06
4196 123.06 -56.06
4356 123.24 -56.18
4516 123.06 -57.65
5676 123.26 -56.46
4836 127.36 -57.26
4996 123.24 -56.26
5156 122.47 -56.86
5316 122.15 -58.17
5636 123.26 -56.38
5476 123.06 -57.06

576121.47 -57.85
5956 122.66 -57.26 A

616123.06 -57.06
6276 121.67 -58.75

6436 123.26 -56.46
6595 123.27 -56.62
6756 123.24 -57.26
6916 123.14 -57.65
6996 123.86 -57.34

(Failure) 7041 127.44 -54.87
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TABLE 74

TENSILE COMPRESSIVE
STRESS STRESS

SAIAPU ~ CYCLES (KSI) (KSI)

2-15 54 123.85 -37.38
492 124.06 -38.77

212 123.46 -39.66
332 123.06 -39.76

572 122.86 -39.77
812 122.07 -40.36

1052 121.87 -40.56
1292 122.58 -39.76
1532 122.50 -39.96
1772 122.66 -39.76
2012 122.47 -39.80
2252 122.27 -39.88
2492 122.66 -40.08
2732 122.47 -39.76
2972 123.22 -39.75
3212 121.67 -40.36
3452 122.47 -39.76
3692 122.67 -39.72
3932 123.06 -39.56
4172 122.90 -39.84
4412 122.86 -3.9.74
4652 122.39 -39.80
4892 122.66 -39.70
5132 122.87 -39.72
5372 123.06 -39.84
5612 123.22 -39.88
5852 122.94 -39.76
6092 123.25 -39.44
6332 123.26 -39.74

6572 123.14 -39.68
6812 123.27 -309.,76
7052 123.04 -39.72
7292 123.26 -38.97
7532 123.22 -39.56
7772 123.26 38.97
8012 122.86 -39.36
8252 122.66 -39.56
a492 123.06 -38.56
8732 123.07 -39.17
8972 123.26 -38.97
9212 122.86 -39.36
9452 123.26 -38.77
9692 123.24 -38.77

49932 124.06 -36.98
10172 123.46 -37.97
10292 122.66 -39.76

132118.89 -44.53
(Failure) 135
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TABLE 75

TENSILE COMYRESSIVE
STRESS STRESS

SAMPLE CYCLES (KSI) (KSI)

2-11 40 119.32 -43.74

100 119.28 -43.94
140 U19.32 -44.14
220 119.28 -43.94
460 118.89 -44.53

620 1i9.09 -44.14

940 119.68 -43.76

1260 119.20 -44.73

1580 118.81 -45.53

1900 118.89 -45.33

2220 119.28 -44.33

2540 119.09 -44.53

2860 117.38 -45.81

3180 117.89 -46.12

3500 118.53 -45.33

3820 118.89 -45.05

4140 117.69 -45.73

4460 117.46 -46.32

4780 117.69 -46.12

5100 118."9 -45.92

5420 118.69 -45.73

5740 117.69 -46.04
6060 118.09 -45.846380 117.89 -45,69

6700 119.09 -45.33
7020 118.69 -45.65

7340 117.89 -46.12
7660 117.10 -46.24

7980 117.97 -45.73
4300 118.89 -44.73

8620 118.69 -45.13
890117.69 -46.52

9260 118.69 -45.33

9900 118.09 -44.93
10220 117.30 -47.32

10540 117.32 -50.89

10860 118.49 -45.65

11180 118.89 -45.73

11500 118.49 -46.12

11820 117.22 -46.12

12140 118.49 -45.33

12460 117.69 -46.52

12780 117.24 -45.32

12940 115.27 -47.71

13100 111.29 -48.91

13180 97.42 -54.67

(Failure) 13190
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TABLE 76

TENSILE COMPRESSIVE
STF3SS STRESS

SAMPLE CYCLFS (KSI) (KSI)

Bl-21 46 113.32 -41.55
172 109.93 -44.85
253 109.15 -45.65

373 109.10 -46.22
533 108.55 -47.12
853 1,8.59 -47.67

1173 108.75 -47.65
1493 108.57 -47.64
1813 107.75 -47.71

2133 109.52 -45.73
2453 108.55 -47.32
2773 108.79 -47.12
3093 108.55 -47.51
3413 108.19 -47.71
3733 108.11 -47.75
4053 108.21 -47.72
4373 108.52 -47.30
4693 108.61 -47.13
5013 108.55 -47.25
5333 109.02 -47.12
5653 109.38 -47.91

5973 109.34 -47.32
6293 108.95 -47.48
6613 109.22 -47.67
6933 109.94 -46.72
7253 110.54 -45.92
7573 110.74 -45.73
7933 109.74 -46.12
8213 111.33 -45.05
8533 110.54 -46.12
8853 110.56 -46.84
9173 109.94 -47.32
9493 109.74 -47.24

i '813 110.34 -46.92

10133 110.54 -45.92
10453 110.74 -46.52
10773 110.75 -46.53
11093 110.73 -46.42

11413 110.74 -46.52

11733 110.54 -.47.08

12053 110.82 -47.20
12373 11.0.93 -46.88
12693 110.95 -46.72
13013 111.25 -46.84
13333 110.85 -47.00
13653 111.33 -46.64
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TABLE 76 Continued

TENSILL COMPRESSIVE

STRESS TRESS

SAMPLE CYCLES (KSI) (KSI)

BI-21 Cont'd 13973 110.89 - 47.0•4

14293 1.11.01 -47.24

14613 111.33 -46.92

14773 112.33 -46.12
14813 113,32 -47.73

(Failure) 14849
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TABLE 77

:.ENSILE COMPRESSIVE
STRESS STRESS

SAMPLr' CYCLES (KSI) (KSI)

3-23 40 122.86 -33,00
100 120.64 -35.79
140 119.76 --36.66
180 119.28 -37.97
260 118.49 -39.09
420 117.10 -39.76
580 115.31 -40.56
900 114.71 -42.74

1220 114.70 -42.15
1540 114.12 -42.15
1860 113.72 -42.16
2180 113.80 -42.54
2506 112.60 -43.74
2820 113.94 -43.34
3140 113.72 -43.14
3400 114.51 -42.54
3780 113.52 -43.06

4140 113.60 -43.34
4420 113.72 -43.32
4740 114.19 -42.94
5060 114.51 -42.54
5380 113.72 -43.06
5700 114.43 -43.26
6020 114.59 -42.23
6340 113.52 -43.54
6660 114.31 -43.34
6980 114.47 -42.94
7300 113.72 -43.14

7620 113.72 -43.42
7940 114.12 -43.14I8260 114.71 -43.10
8580 114.87 -42.54
8900 114.51 -42.56
9220 114.91 -42.74

9540 314.52 -42.94
9860 114.71 -43.14
10180 114.91 -42.50
10500 114.91 -42.62
10820 114.71 -43.14
11140 114.75 -42.50
11460 114.79 -43.02
11780 114.59 -42.90
12190 114.51 -43.34
12420 114.75 -43.26
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TABLE 77 Continued

TENSILE COMPRESSIVE
STRESS STRESS

SAMPLE CYCLES (KS-) (KSI)

3-23 Cont'd 12740 114.60 -43.02

13060 114.91 -42.94

13380 114.59 -42.90

13700 113.24 -43.66

14020 114.95 -43.34

14340 114.83 -42.88

14660 113.72 -43.54

14980 113.32 -43.74

15300 3.13.56 -47.67

15460 113.36 -43.74

15624 114.71 -43.62

15780 113.32 -43.34

15860 112.13 -43.82

15900 111.93 -44.14

15990 108.95 -47.32

(Failure) 15952

I
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TABLE 78

TENSILE COMPRESSIVE

STRESS STRESS
SAMPLE CYCLES (KSI) (KSI)

3-21 20 116.90 -25.84
60 115.35 -27.83
100 115.11 -27.87
300 112.13 -29.94
500 112.17 -30.30
700 111.65 -30.82
1100 112,41 -30.62
1580 112,92 -29.98
2060 111.81 -30.62
2540 1 •.12 -29.82
3020 . .84 -29.80
3500 111.93 -31.01
3980 112.01 -30.62
4460 111.81 -30.22
4o'40 112.33 -30.62
5420 111..97 -30.42

5900 112.25 -29.98
6380 111.93 -31.01
6860 112.09 -31.13
7340 111.81 -30.70
7820 112.33 -30.78
8300 112.45 -29.90
8780 113.00 -29.82
9260 112.92 -30.93
9740 112.37 -30.70

10220 112.52 -30.62
10700 112.72 -30.97
11180 112.94 -29.94
11660 113.32 -29.62
12140 112.13 -30.58
12620 111.97 -30.62
13100 112.01 -30.78
13580 112.05 -30.89
14060 112.33 -3.3.62
14540 113.32 -29.70
15020 112.72 -30.22
15500 113.12 -29.70
15980 113.72 -29.22
16460 112.52 -29.90
16940 112,54 -30.02
37420 113,40 -29.22
17900 113.32 -29.78
18380 113.12 -29.42
18860 113.20 -29.90
19340 112.56 -30.22
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TABLE 78 Continued

TENSILE COMPRESSIVE

STRESS STRESS

SAMPLE CYCLES (KSI) (KSI)

3-21 Cont'd 19820 112.52 -30.42

20300 113.36 -29.82

20780 113.72 -30.02

21260 112.72 -29.86

21740 112.56 -29.82

22220 111.93 -31.41

22700 111.92 -31.01

23180 112.72 -30.62

23660 111.53 -31.47
24140 112.13 -31.1524620 113.20 -30.34

25100 112.03 -31.53

25580 112.17 -30.85

26060 113.92 -29.42

26540 113.24 -30.22

27020 112.33 -29.62

27500 112.13 -30.34

27980 112.92 -29.74

28460 113.12 -30.38

28940 111.73 -31.41

29420 111.70 -31.17
29900 112.72 -30.62

30380 112.05 -30.82
30860 112.13 -.31.41

31340 112.05 -31.17

31820 112.52 -30.62

32300 112.92 -30.60

32780 111.73 -31.49

33260 111.77 -31.61
33740 113.00 -30.62

34220 111.93 -3'..41
34700 111.73 -31.61
35180 112.17 -31.01
33740 111.97 -30.85

36140 111.73 -31.61

"36620 111.53 -31.73

37100 111.73 -31.45
37580 111.93 -31.09

38060 112.13 -31.69

38540 111.57 -31.73

39020 111.73 -31.49

39500 112.92 -30.62

39980 111.93 -31.41

40460 111.73 -31.72

40940 112.29 -31.33
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TABLE 78 Continued

TENSILE COMPRESSIVE
STRESS STRESS

SAMPLE CYCLES (KSI) (KSI)

3-21 Cont'd 41420 112.13 -31.41

41900 111.45 -31.81

42380 111.57 -31.77

42860 112.13 -31.33

43340 111.73 -31.61

43820 111.65 -31.76

44300 111.41 -31.41

44780 111.93 -31.31

45260 112.09 '314

45740 111.33 -31.69

46220 111.53 -31.80

46700 112.45 -30.97
47180 111.41 -31.73

47660 111.35 -31.69

48140 112.33 -30.97
48620 112.41 -30.77

49100 111.81 -31.21
49580 111.33 -31.41

49780 111.30 -31.21

49940 108.15 -32.01

49980 107.36 -31.93
50020 106.84 -32.25

50060 106.37 -33.00

50100 103.38 -34.39
50140 99.01 -35.79

(Failure) 50162
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TABLE 79

TENSILE COMPlRESSIVE

SAM~PLE CYCLES STRESS STRESS
(KSI) (KSI)

2-5 40 115.63 -19.56
90 114.59 -19.96

130 114.51 -20.28
170 113.32 -21.47

330 111.33 -23.82

530 111.93 -22.74

930 112.41 -23.06
1330 110.74 -24.25

1730 109.94 -25.65

2330 110.54 -24.45

2930 109.54 -24.25

3530 111.32 -23.86
4130 110.74 -24.21

4730 111.37 -23.84

533U 110.62 -23.94

5930 111.34 -23.38
6530 110.79 -23.86

7130 111.65 -22.35

7730 111.17 -23.82
8330 111.65 -22.58

8930 111.93 -23.78

9530 111.45 -22.47

10130 111.25 -23.76
"60730 111.33 -22.86I
11330 111.32 -23.34
11930 11.1.45 -23.77

12530 111.85 -22.27
13130 111.30 -23.06

13730 112.13 -21.79

¶14330 112.14 -21.75
14930 111.73 -22.74
15530 111.75 -22.98

16130 111.94 -23.23

16730 111.93 -22.07

17330 111.28 -23.78

17930 110.74 -24.17

18530 111.01 -23.89

19130 1,11.34 -23.82

19730 111.37 -23.26

20330 112.05 -22.66

20930 112.33 -22.07

21530 112.17 -21.87

22130 11-0.93 -23.86

22730 111.13 -23.90

23330 111.32 -23.66
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TABLE 79 Continued

TENSILE COMPRESSIVE

SAMPLE CYCLES STRESS STRESS
(KSI) (KSI)

2-5 Cont'd 23930 111.25 -23.84
24530 111.01 -24.06

25130 111.13 -24.05
25730 110.94 -23.94
26330 110.74 -23.86
26930 111.54 -23.90
27530 111.30 -23.06

28130 111.33 -22,86

28730 111.31 -22.95

29330 111.25 -23.26

29930 110.22 -23.84

30530 111.30 -23.38
31130 111.33 -22.66

31730 110.54 -23.22

32330 110.74 -23.16

32930 111.31 -23.74

33530 111.73 -23.18

34130 113.37 -20.68
34730 112.72 -20.28

35330 112.41 -21.07
35930 113.72 -20.48

36530 114.51 -20.08
37130 114.59 -20.06

37730 114.12 -20.28

38330 113.72 -20.32

38930 113.40 -20.36

39530 113.72 -20.28
40130 113.92 -19.96

40730 114.12 -20.28

41330 114.51 -19.92

41930 115.11 -19.84

42530 115.15 -19.68

43130 114.35 -20.08

43730 114.12 -20.26

44330 114.71 -19.87

44930 11.5.31 -19.56

45530 114.51 -20.04
46130 114.71 -19.88

46730 113.72 -20.48

47330 114.91 -19.92

47930 114.59 -19.96

48530 114.99 -19.89
49130 114.67 -19.96
49730 114.79 -19.92

50330 114.83 -19.84
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TABLE 79 Continued

TENSILE COMPRESSIVE

SAMPLE CYCLES STRESS STRESS
(KSI) 

(KSI)

2-5 Cont'd 50930 115.27 -19.68

51530 114.55 -19.96

52130 113.72 -20.28

52330 114.12 -20.24
53330 114.12 -19.90

53930 114.31 -20.28
54530 113.12 -20.86
54690 113.72 -19.96

55290 113.70 -19.92
55890 114.31 -19.90
56490 114.12 -19.94
57090 112.33 -21.47
57690 113.24 -20.20
58290 112.13 -20.99
58890 112.10 -20.28

59490 111.93 -20.40
60090 111.85 -20.68
60690 112.01 -20.60

61290 112.12 -20.06

61890 113.20 -19.88

62490 111.73 -20.48
62490-77240 - No data.
77240 113.32 -20.04
77320 112.92 -20.44
77920 114.51 -19.95
78520 114.75 -19.87

79120 112.52 -21.87
79720 110.93 -23.82

80320 111.32 -23.34

80920 111.57 -23.06
81520 111.35 -23.26
82120 111.73 -22.74

82720 111.70 -22.27
83320 11014 -23.86

83520 108.1.5 -24.65

107.15 -25.69
83720 104.)7 -27.51
83800 102.98 -28.43

83920 101.59 -29.82

83960 99,40 -31.41

(Yailure) 83964
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TABLE 80

TENSILE COMPRESSIVE
SAMPLE CYCLES STRESS STRESS

(KSI) (KSI)

3-31 1 131.01 -108.15
4 135.19 -118.49
8 134.39 -119.60

15 134.19 -121.67
21 132.60 -123.18 "
27 131.61 -123.26
34 134.39 -123.24
48 134.41 -123.30
63 131.01 -123.58
75 1,30.89 -123.60
88 130.02 -123.78

104 129.78 -123.66
117 129.26 "'123.70
130 129.07 -123.58
144 127.83 -124.10
159 127.63 -123.69
171 127.44 -123.25
254 1,27.83 -124.65
200 127.24 -123.98
218 127.51 -123.28
226 127.20 -123.58
240 127.22 -123.46
255 126.64 -124.25
267 127.04 -123.70
280 126.52 -124.06296 126.16 -123.66
309 124.85 -123.98
322 123.86 -123.66
336 123.6ý -123.64
349 123.26 -124.06
351 123.04 -124.45
356 122.86 -124.06
357 122.66 -124.16

(Failure) 358 -124.10
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TABLE 81

TENSILE COMPRESSIVE

SAMPLE CYCLES STRESS STRESS
(KSI) 

(KSI)

3-32 1 121.27 -91.65
3 1.23.26 -102.39
8 121.07 -107.32

16 119.68 -109.34

32 119.26 -110.70
56 118.09 -111.01
80 116.50 -111.29

104 115.71 -111.33
128 115.59 -111.34

152 115.71 -111.35

176 115.31 -111.33
200 115.30 -111.34
224 115.29 -111.33

248 114.59 -111.53
272 114.71 -111.52

296 113.92 -111.65

320 113.52 -111.41
344 113.72 -111.31

348 112.92 -111.53

392 113.72 -111.41

416 112.55 -111.53

440 112.13 -111.34

464 111.73 -111.35

488 111.65 -111.30

512 111.33 -111.32

536 109.74 -111.35

560 107.58 -111.53
584 103.98 -111.73
600 100.60 -111.41607 96.67 -111.93

(Failure) 608 92.2i
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TABLE 82

TENSILE COMPRESSIVE

SAMPLE CYCLES STRESS STRESS
(KSI) (1(51)

2-414127.24 -113.72
374 12.2 -115.11

75 123.26 -117.30

112 123.46 -115.71

146 120.68 -118.05

181 119.28 -117.65

'S214 
119.29 -116.30

250 117.69 -118.49

286 119.48 -115.31

322 119.28 -115.39

358 119.48 -115.31
394116.30 -116.90

343 117.10 -115.43

466 116.10 -115.35

502 115.35 -115.27

538 115.15 -115.22

574 112.13 -115.43

610 1.10.74 -117.10

622 108.15 -116.90

633 106.76 -118.49

(Failure) 634 103.18
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TABLE 83

TENSILE COMPRESSIVE

SAMPLE CYCLES STRESS STRESS
(KSI) (KSI)

3-33 1 120.08 -75.55

2 119.88 -83.30

8 114.51 -91.41

14 113.12 -92.25

20 111.93 -93.84

38 107.55 -95.03

62 111.35 -93.92
86 111.33 -93.44
110 111.73 -92.05

134 111.70 -91.85

158 111.75 -91.45

182 111.93 -91.53
206 111.89 -91.41

230 112.05 -91.13

254 111.33 -91.45

278 110M74 -92.25

302 110.67 -92.84

326 110.60 -91.85

350 111.32 -91.05

374 111.73 -90.62

398 118.49 -89.07

422 115.11 -89.54

446 111.73 -89.86

470 112.13 -89.07

494 112.33 -88.35

518 111.65 -89.46

543 111.29 -91.41

569 110.54 -91.49

595 109.94 -91.85

621 110.34 -91.45

647 111.32 -90.46

673 111.73 -88.07

699 112.13 -87.67

725 114.23 -91.53

751 113.72 -87.08

777 113.32 -87.12
803 113.72 -90.66

829 112.13 -87.28
855 111.33 -88.27
881 111.30 -89.08

907 110.54 -89.96
933 110.74 -89.86959 111.01 -88.47

950 110.83 -88.27
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TABLE 83 Continued

TENSILE COMPRESSIVE
SAMPLE CYCLES STRESS STRESS

(KSI) (KSI)

3-33 Cont'd 985 124.06 -86.28
1011 121.27 -87.45
1037 110.74 -88.87
1061 110.14 -87.87
1085 108.07 -88.65
1109 107.36 -90.06
1133 109.17 -91.49
1158 101.59 -92.25
1164 99.80 -93.44
1171 95.43 -94.83

(Failure) 1174

,4

,I
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TABLE 84

TENSILECOMPRESSIVE

~ANLECYCESSTRESS 
STRESS

(KSI)(KI

2-10 1. 120.78 -58.25

2119.60 -66.90

8113.32 -73.56
14 112.03 -74.52

20 111.37 -75.94

38 111.13 -78.53

68 109.34 -78.73

98 108.09 -79.52

.28 107.83 -79.32

158 107.67 -79.56

188 107.28 -79.60

218 107.36 -79.84

248 106.96 -79.72

278 106.90 -79.88

308 106.16 -80.12

338 106.56 -79.92

368 106.54 -79.64

398 106.96 -79.84

428 105.96 -80.12

458106.88 -79.60
488 105.61 -79.52

518105.45 -79.54
548 105.84 -79.52

578105.37 -79.54
608 105.41 -79.60

638 104.73 -80.00

668 104,17 -80.24

698 104.15 -80.20

728 104.57 -80.72

758104.10 -80.99
788 104.14 -81.51

818103.78 -81.31

84810.8 -81.59
878 103.42 -80.91

908 103.37 -79.90

938103.90 -80.12
968 103.38 -80.72

998 103.36 -11

1028 103.30 -81.11

1058 103.32 -81.51

1088103.37 -81.71
1118 103.34 -81.63
1148 103.34 -81.55
1178 30.2-80.20
1178 103.22 -81.11
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TABLE 84 Continued

TENSILE COMPRESSIVE

SAMPLE CYCLES STRESS STRESS
(KSI) (KSI)

1238 103.38 -80.80
2-10 Cntd 1268 102.78 -81.71

1298 102.98 -81.83

1328 103.26 -81.91

1358 103.18 -82.07
102.76 -81.82

1388 103.28 -82.31

1418 102.98 -81.67

1448 102.90 -81.47

1478 102.94 -81.52

1508 102.39 -81.61

1538 101.89 -.81.51

1568 102.41 -81.50

1598 101.79 -81.11

1658 101.19 -80.91
1688 101.93 -80.52
1718 101.39 -81.12
1748 101.87 -79.92
1778 101.79 -79.88
1708 101.07 -80.04
1838 101.59 -80.12

1868 101.49 -80.32

1898 101.19. -80.30

1928 101.20 -80.31
1958 100.20 -80.00
1988 100.24 -80.32
2018 99.80 -80.32
2048 99.44 -81.11
2078 99.40 -81.31
2108 99.36 -82.13
2138 98.81 -82.90
2168 97.89 -82.91
2198 96.82 -83.50

2228 95.83 -83.54

2258 05,39 -83.53
2288 94.83 -83.62

2318 99.44 -85.49

2336 86.88 -89.07

2341 75.67 -89.66

2342 73.56 -89.86

(Failure) 2346
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TABLE 85

TENSILE COMPRESSIVE

SAMPLE CYCLES STRESS STRESS
(KSI) (KSI)

3-28 1 117.30 -40.32

2 113.92 -. 92

5 108.15 -54.47

10 106.16 -55.86

16 104.77 -56.86

28 100.20 r58.05

47 103.78 -58.05

102 103.98 -58.45

157 103.75 -58.05

212 103.58 -58.53

267 103.38 -59.60

322 103.36 -59.64

377 103.22 -59.60
432 99.20 -59.24

487 99.01 -59.32

542 102.39 -58.85

597 102.58 -59.59

652 101.79 -59.66

707 101.55 -59.84

762 100.99 -60.04

817 99,01 -60.24

872 97.61 -61.23

927 99.36 -60.03

982 99.40 -59.66

1037 99,42 -59,67

1092 98.81 -60.64

1147 98.41 -60.20

1202 98,21 -60.83
1599.20 -60.04S1 2 5 7 - 1 1

1312 99.05 -61.19

1367 98.97 -60.44

1422 98.93 -60.04

1477 97.89 -60.83

1532 98,21 -60.44

1587 97,73 -57.57

1642 97.42 -62.03

1697 98,61 -60.16

1752 97.88 -60.02

1809 97.42 -60.64

1864 98.01 -60.44

1919 98.21 -59.84

1974 98.81 -59.64

2029 99.38 -59.60

2084 98.85 -59.64

2139 99.24 -59.62
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TABLE 85 Continued

TENSILE COMPRESSIVE

SAMPLE CYCLES STRESS STRESS

(KSI) (KSI)

3-28 Cont'd 2194 99.20 -59.24

2249 9(,.36 -59.64

2304 99.39 -59.62

2359 98.61 -60.04

2414 100.20 -58.85

2469 99.41 -59.62

2524 99.24 -59.68

2577 99.20 -59.72

2632 96.22 -61.23

2687 95.63 -63.22

2742 97.65 -61.43

2797 97.50 -61.63

2852 97.42 -62.03

2907 96.70 -62.03

2962 95.83 -63.42

3017 95.83 -61.23

3072 97.10 -62.03

3120 .6.42 -62.43

3182 96.22 -63.02

3237 95.63 -63.62

3292 95.35 -63.94

3347 96.14 -63.50

3402 100.12 -bl.27

3426 103.38 -60.40

3432 103.46 -60.42

3438 106.64 -09.40

(j9ailure) 3442
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